Sewage Works Journal 


Published by 
Federation of Sewage Works Associations 
Lancaster, Pa. 


Copyright, 1940, by Federation of 
Sewage Works Associations 





Vol. XII March, 1940 No. 2 





Sewage Research: 
Research in Sewage Chemistry, Sewage and Waste Treatment and Stream Pollution. 
A Critical Review of the Literature of 1939. By W. Rupotrs, Chairman, F. R. 
Camp, G. P. Epwarps, H. A. Faser, A. J. FISCHER, H. W. GEHM, A. E. GRIFFIN, 
H. HEUKELEKIAN, R. W. KeEur, E. W. Moore, Wo. E. STANLEY, L. R. SETTER, 
L. W. VAN KLEECK AND S. I. Zack 
Activated Sludge Oxidations. VI. Results of Feeding Experiments to Determine the 
Effect of the Variables Temperature and Sludge Concentration. By C. N. Sawyer. 244 
Carbon and Nitrogen Transformations in the Purification of Sewage by the Activated 
Sludge Process. III. With Mixtures of Sterile Sewage and Pure Culture Zoogleal 
Sludges. By H. HEUKELEKIAN AND M. L. Littman 
Plant Operation: 
Improved Sewage Clarification by Pre-Flocculation Without Chemicals. By 
NNR) Fane AENEAN rw 5 “ao Vate¥asaiy') Sia \atos he 6) "8 /e-010" 6161 26 saleid a. susie aia a dc baat ieeie sie 280 
Problems and Progress in the Chlorination of Sewage. By A. E. GRIFFIN AND G. A. 
CAMPBELL. Discussion by H. A. FABER AND M. H. KLEGERMAN 


Industrial Wastes: 


The Treatment of Winery Wastes at Glenelg, South Australia. By H. J. N. Hopeson 
AND J. JOHNSON 


Operators’ Reports and Suggestions: 
Notes on the ‘‘Cost of Sludge Disposal’? Symposium. By J. W. Kirkpatrick 
Operation Records and What They Mean. By KENNETH MoRKERT 
Spring Mill State Park Hotel Sewage Treatment Plant. 
Sewage Disposal Plant for Tempe, Arizona. By E, W. DALEY 
‘ Wahpeton Treats its Sewage. By GEORGE SwiccuM 
Symposium on ‘‘An Operator’s Day at a Sewage Treatment Plant.’’ 
Editorial: 
The New Jersey Meeting 


Proceedings of Local Associations: 

California Sewage Works Association 

Georgia Water and Sewage Association 

New York State Sewage Works Association 
President’s Report for Year 1939 

Federation of Sewage Works Associations: Minutes of the Annual Meeting of 
Board of Control 

Report of Secretary-Treasurer: Federation of Sewage Works Associations for the 
Year Ending December 31, 1939 


Reviews and Abstracts:. 
Planned Progress in Pollution Control 
The City’s Sewage Goes to Sea. By N. A. BOWERS 
Sewage Disposal Project of Buffalo, New York. By SAMUEL A. GREELEY 
Problems and Trends in Activated Sludge Practice. By Rosert T. REGESTER....... 389 


187 





SEWAGE WORKS JOURNAL March, 1940 
Studies on the Digestion and Distillation of Organic Wastes, I, II, III, IV, V, VI. 
By 8S. SHIBATA 
Contribution to the Study of Activated Sludge. 
On the Use of Dinitrophenolindophenol as an Indicator for the Demonstration of 
Putrescibility of Sewage. By E. REMy 
Birmingham, Tame and Rea District Drainage Board ........................... 393 
Symposium on Industrial Wastes: 
Water Pollution. By Robert SPuRR WESTON 
Legal Aspects of the Industrial Wastes Problem. By JAMEs A. TOBEY 
Utilization of Industrial Wastes. By H. E. Hower Anp F. J. VAN ANTWERPEN.. 
Waste Problems in the Pulp and Paper Industry. By Harvey J. SKINNER .....3$ 
Waste Problems in the Fermentation Industry. By C. S. Borurr 
Industrial Wastes from Equipment Manufacturer ’s Viewpoint. By C. 
KNOWLES 
Wastes of a Chemical Company. By I. F. HarLow 
Biological Processes for Treating Wastes. By A. M. BUSWELL ............... : 
Treatment of Liquid Wastes from the Textile Industry. By C. R. Hoover 
Waste Problems in the Petroleum Industry. By J. BENNETT HILL 
Waste Problems of the Iron and Steel Industry. By WILLARD W. HObDGE ...... 
References to Sewage Literature 
Federation of Sewage Works Associations 
Members of Federation and Subscribers to the Journal 
Non-Association Subscriptions to Sewage Works Journal in the United States as of 
December 31, 1939 








JOIN YOUR STATE OR LOCAL 
SEWAGE WORKS ASSOCIATION 


AFFILIATE WITH THE NATIONAL FEDERATION 
OF SEWAGE WORKS ASSOCIATIONS 


Members of the Federation receive 
THE SEWAGE WORKS JOURNAL 


for $1.50 per year 


Non-members’ subscription fee $3.00 per 
year, which includes subscription at $2.00 
and service information fee of $1.00; 
Canada, $3.50; other countries, $4.00. 


Send Subscriptions to 
WM. W. BUFFUM, Business Manager 


654 Madison Ave. 
New York, N. Y. 























eS SS ee ee ee ee. ae ae. oe, Se See 


=i _ 





Sewage Research 





RESEARCH IN SEWAGE CHEMISTRY, SEWAGE AND 
WASTE TREATMENT AND STREAM POLLUTION 


A CRITICAL REVIEW OF THE LITERATURE OF 1939 


By W. Rupours, Chairman, F. R. Camp, G. P. Epwarps, H. A. F'aser, 
A. J. Fiscner, H. W. Geum, A. EB. Grirrin, H. HEvUKELEKIAN, 
R. W. Kenr, E. W. Moors, Wo. E. Stantey, L. R. Serrer, 
L. W. VanKueecx and S. I. Zack 


Demand for cleaner streams, less health hazards and better living 
conditions are the stimulants for invention of new and improved meth- 
ods of sewage and waste treatment. Invention is a gradual process 
accomplished by many investigators, studies, trials and development. 
Progress in one year may appear to be slow, or very rapid in another. 
In many instances the research work conducted seems to be remote 
from the daily operation of a plant or appears to have no direct bear- 
ing on the design of new structures or equipment. Properly conducted 
research should result in a better understanding of existing processes, 
lay a foundation for improved procedures, stimulate development of 
new methods and show the need for advances in equipment. 

The extraordinary rapid growth in sewage treatment together with 
the progress in waste treatment requires more and more research and 
extended plant experimentation. During the year a great number of 
papers embodying the results of such research and experimentation 
have been published... Studies on fundamental principles have been 
continued and more work of general interest in stream pollution has 
appeared. Special attention should be paid to the section dealing 
with trade waste treatment. Most of the work is still along lines 
adopted from water and sewage experimentation, but there is a very 
definite tendency—growing year by year—of fundamental work to de- 
velop processes specifically fitted for treatment of specific wastes and 
recovery of by-products. General interest in by-product recovery 
from sewage and waste is much greater than some years ago. The 
possibilities are being explored, no doubt influenced by economic and 
war conditions, of salvaging valuable products which previously were 
destroyed or discharged. Perfection of processes in use, refinement 
and greater care of operation, often resulting in lower costs, has con- 
tinued. The annual review is presented as evidence of progress. The 
review is not complete in the sense that all papers published were con- 
sidered, but sufficient to indicate work accomplished, trends and possi- 
bilities as shown by the results obtained. In this respect the commit- 
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tee becomes more and more critical and attempts to evaluate the work 
when it seems of help to the reader. 


CHEMISTRY AND BrIoLoGy 


The amount, nature and behavior of colloids in sewage are signifi- 
eant for coagulation, bioflocculation and biological oxidation processes. 
In a review by Rudolfs and Gehm (202) on the occurrence and réle of 
colloids in sewage and sewage treatment it is stated that the amount 
of true colloidal sols in sewage is probably less than 10 per cent of the 
total suspended solids. This figure is similar to that reported earlier 
by Mills. In fresh solids the amount of colloids is relatively low, they 
increase during digestion and then decrease as digestion nears com- 
pletion. ; 

Samuel (205) divides flocculation of negative colloids by a negative 
ion into two stages: (1) preferential adsorption of hydroxyl] ions on 
colloidal surfaces, increasing the negative charge, and (2) the metallic 
ion produces flocculation probably by neutralization of the charge. The 
hydroxides of Ba, Ca and K were far better as flocculating agents for 
finely divided coal and clay suspensions than the sulfate, nitrate or 
chloride. Brewery and paper pulp wastes were not sensitive to hy- 
droxide adsorption but were to sulfate and chloride. 

In continuation of the studies of the effect of gas bubbles on the 
coagulation of organic matter in sewage, Williams (258) endeavored 
to rule out the possibility of the formation of new surfaces by the 
deposition of carbonates. Experiments were accordingly conducted 
with O., H, and N, both alone and in conjunction with 1.0 per cent of 
CO,. The results obtained indicate that the coagulation of dispersed 
material present in sewage by the different gases was not affected by 
the presence of CO, and therefore the formation of new surfaces by 
the deposition of carbonates was not a factor in the coagulation of 
the dispersed matter by bubbles of gas. Bubbles of gas passed through 
sewage sterilized by ultra violet light and unsterilized sewage gave 
only a small difference in the amount of organic matter flocculated. 
It was concluded that coagulating action was mainly physical though 
biological action may play some part. 

Microorganisms capable of attacking a great variety of compounds 
have been recognized. Compounds such as phenol, arsenic, paraffin, 
hydrogen, methane, carbon monoxide and hydrogen sulfide, etc., have 
been known to serve as sources of food and energy for bacteria. There- 
fore, it is not surprising that Jones and Scott (121) found bacteria in 
the soil, water and sludge of mine fire areas and electrical conduit 
manholes capable of oxidizing both carbon monoxide and hydrogen. 
Although no isolation of the organisms was attempted it is stated that 
only one type of bacterium was observed... The ability to oxidize was 
reduced when the culture was stored in the absence of these gases. 
This was attributed to the predatory activities of rotifers, nematodes, 
and protozoa in the culture. In anaerobic locations such as sewers, 
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manholes and in sludge banks where these gases may be produced, the 
oxidation that occurs when these gases come in contact with air, such 
as in the atmosphere of the sewers, becomes a distinct possibility. This 
action would be analogous to the production and oxidation of hydrogen 
sulfide under similar circumstances. 

Although odors around sewage plants are primarily traced to hy- 
drogen sulfide produced from the reduction of sulfates there is little 
knowledge as to the organisms responsible for this process. Exten- 
sive morphological studies conducted by Starkey (233) showed that 
probably most of the organisms described as producing hydrogen 
sulfide from sulfates can be classified under one species—Vibrio de- 
sulfuricans. This organism when grown at 30° C. is a small non- 
sporulating vibrio, or short or long spirals, but when grown at 55° C. 
it is transformed to a spore-bearing type and a larger vibrio shape. 
Here, for the first time a profound change in the morphology of a given 
organism has been induced by temperature. With the information 
available as to the identity and growth characteristics of the organism 
it becomes possible to investigate the occurrence and abundance of 
hydrogen sulfide producing organisms in sewage and the effectiveness 
of preventive and control measures on their numbers and activities. 

During recent years considerable information has become avail- 
able regarding the physiological effects of various substances in pro- 
moting plant growth promoting substances. Therefore, the search of 
these substances on wastes and their agricultural utilization has as- 
sumed importance. Rudolfs and Heinemann (203), continuing the 
search on growth promoting substances in sewages and sludge, re- 
ported that such substances are present in fresh solids, septic solids 
and activated sludge. The quantity of various growth-promoting sub- 
stances was less in activated sludge than in raw solids. Digestion, 
heat drying and drastic chemical treatment reduced the quantities of 
these substances. Rehling and Truog (186) could not detect the pres- 
ence of plant hormones in Milorganite, but when this product was in- 
corporated in sand or soil appreciable quantities of heteroauxins (in- 
dole substituted fatty acid type) were produced as a result of bacterial 
decomposition. They further showed that Milorganite contained such 
elements as copper, zine, lead, nickel, cobalt, titanium, barium, manga- 
nese, aluminum, etc., in small quantities but which might be impor- 
tant for plant growth. Thus in addition to the main fertilizer ingredi- 
ents such as nitrogen and phosphorous Milorganite might contribute 
these elements as well as some plant hormones when used as a fertilizer. 

The presence in soils of a great many bacteria, molds and acti- 
nomyces capable of producing auxins when grown in cultural media is 
reported by Roberts and Roberts (192). 

The effect of dissolved oxygen tension on the rate of oxygen up- 
take has an important bearing on the B.O.D. determination as well as 
the sewage oxidation processes such as the activated sludge process 
and trickling filters. Conflicting views have been held on this subject. 
Additional evidence has been reported by Zobell and Stadler (267) 















192 SEWAGE WORKS JOURNAL March, 1940 


indicating that within a range of 0.66 to 7.99 p.p.m. of dissolved oxy- 
gen, the uptake of oxygen by lake water was not influenced by the ini- 
tial dissolved oxygen concentration. Additional studies with certain 
pure cultures of lake bacteria showed that respiration was not a func- 
tion of oxygen tension. 

In contrast to Sir Alexander Houston’s earlier findings in regard 
to the prolonged viability of cultivated typhoid bacilli in water in com- 
parison with uncultivated forms Kabler, Pierce and Michaelson (122) 
report that the resistance of EH. typhosa to the killing action of chlo- 
ramines is materially reduced by prolonged residence in artificial 
media. It is further stated that strains of EL. typhosa isolated at ap- 
proximately the same time may exhibit considerable differences in re- 
sistance to the action of chloramine. This evidence points to a pos- 
sible danger in the use of old laboratory strains in the determination 
of the effectiveness of chloramine as a disinfectant. 

The role of bacteriophages in reducing pathogenic bacteria in sur- 
face waters has been long a matter of conflicting evidence. From tests 
conducted by Dinger, Marseille and Tesch (45) it appears that bac- 
teriophage activity is not very important in the destruction of typhoid 
bacilli in surface waters. The rapid reduction of these bacteria in 
natural water courses is considered to be due to the biological action 
of other bacteria and protezoa. 

Biological surveys of streams and lakes receiving acid mine waste, 
made by Lackey (138), revealed a variety of microscopic forms. At 
or below pH 3.9 the number of species found in any given habitat was 
very small. After the strip pit lakes have been sealed to reduce acid 
waste there is little chance for them to become productive except by 
the initial development of chorophyll-bearing organisms. 

Several theories have been advanced as to the cause of trickling 
filter unloading. Although the activity of worms as a possible factor 
in unloading has been mentioned, no definite evidence has been ad- 
vanced. Reynoldson (189) has filled this gap in his report on the life 
habit and role of the Enchytraeid worm Lumbricillus linaetus. It is 
stated that this worm feeds primarily on the alga Phormidium which 
grows on the surface of the bed. In the spring when this alga becomes 
abundant on the surface the Lumbricillus migrates and feeds on the 
alga, changing the film from a leathery to a spongy condition and caus- 
ing unloading. With the unloading the worms are driven deeply into 
the bed and a large portion of them pass out in the effluent. The alga 
rapidly reforms on the surface and the worms migrate into it again 
when it is sufficiently thick. The absence of unloading in summer when 
the growth is again spongy is attributed to the higher rate of regener- 
ation of the alga owing to increased temperature and sunlight. In the 
winter the worms are driven down to the depths of the bed. The ex- 
perimental introduction of these worms into filter beds in which the 
solids were accumulating rapidly cleared the medium, but if the bed 
is very badly choked and septic, the worms may not be able to carry ou 
this function. 
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O’Shaughnessy and Roberts (172) advance the view that Adeney’s 
two-stage oxidation does not apply under certain conditions. When 
some of the humus material produced during the nitrification stage is 
introduced, carbon and nitrogen oxidations proceed simultaneously 
and the oxidation of ammonia does not depend on the absence of un- 
oxidized carbon but upon the presence of humus solids. The function 
of these humus solids for the nitrification is not explained but it can 
he readily ascribed to the introduction of nitrifying bacteria. In other 
words, the failure of the oxidation of ammonia simultaneously with 
the oxidation of carbonaceous materials is not due to inhibition of 
nitrification by carbonaceous material but to the slower rate of devel- 
opment of nitrifying bacteria. 

Williams (259) in a critical discussion of the biozeolitic theory of 
clarification stage of activated sludge favors adsorption as the prob- 
able mechanism of the removal of organic materials by activated 
sludge. <A full explanation must include both base and acid exchange 
mechanisms as indicated by Setter. Ridenour and Henderson but no 
evidence has been produced to show the passage of ions from the sludge 
to sewage. 

Aeration with M-phenylenediamine (acid exchange resin) for 15 
minutes resulted in the clarification of sewage according to the Report 
of the Water Pollution Research Board (253). With sulfited que- 
bracho tannin resin (base exchange properties) no clarification of sew- 
age was obtained. 

Dickinson (42, 43, 44) tried unsuccessfully to determine the oxi- 
dation-reduction potential of activated sludge colorimetrically by means 
of methylene blue. Subsequent work with other dyes showed that 
dyes containing electropositive ions were adsorbed by the sludge, indi- 
‘ating that the sludge particles were negatively charged. 

Ingols (113) in a study of the hydrolytic enzymes of activated 
sludge showed a marked increase in pepsin during the development of 
activated sludge from sewage but only a slight increase of lipase, di- 
astase and trypsin. Lipase, pepsin and diastase were found only on 
the surfaée of the sludge while trypsin was found also in the liquor. 
During the purification period the enzyme activities in the mixture of 
activated sludge and sewage showed only a small change. With longer 
periods of aeration, however, marked changes in enzyme activity were 
shown. Diastatic activity of activated sludge was increased 500 per 
cent by adding starch to the sludge. When the products of hydrolysis 
accumulate, due to the lower rate of assimilation of these products by 
the organisms, the rate of hydrolysis is adversely effected. It is con- 
cluded that clarification of sewage is correlated with biophysical prop- 
erties of activated sludge while purification is correlated with bio- 
chemical property and enzyme activity. 

The use of CO. production as an index to biochemical oxidation 
process of activated sludge was criticized by Wilson and McLachlan 
last year on the basis that only 10 per cent of the transformation prod- 
ucts of carbon originally in sewage appears as carbon dioxide in the 
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effluent air and that the transference of carbon from sewage to the 
sludge is the major purifying effect. More recently results have been 
obtained by Heukelekian and Littman (98) which show that as much 
as 65 to 75 per cent of the organic carbon of sewage removed by acti- 
vated sludge during the purification was recovered as CO,. The dis- 
crepancy between these two contradictory views is explained on the 
basis that Wilson and McLachlan calculated the percentages of CO. 
released on the total carbon input of both settled sewage and activated 
sludge rather than on organic carbon lost from sewage upon aeration. 
Jenkins and Roberts (117) have also obtained a value of 61.4 per cent 
of the carbon removed from liquor oxidized to CO2. 

Experiments given in the Report of the Water Pollution Research 
Board (253) on the effect of temperature on the purification of both 
milk washings and sewage by the activated sludge process indicate 
that the optimum temperature is between 20 and 30° C. Milk wash- 
ings aerated at 2° C. with activated sludge gave a sludge that settled 
slowly and an effluent with a high B.O.D. (200 p.p.m.). The B.O.D. of 
the effluent obtained at this temperature after filtration through paper 
was only 20 p.p.m. indicating that most of the oxygen consuming ma- 
terials were in suspension. At 45° C. the effluent had a high B.O.D. 
both after settling and filtration through paper, indicating that a large 
proportion of the oxygen consuming materials were in solution. The 
percentage of fat in activated sludge was least when the mixtures were 
aerated at 30 to 35° C. and highest at 2° C. 

Biological work indicated that with the addition of whey washings, 
although the concentration of Sphaerotilus was decreased, bulking was 
more pronounced than with milk washings. Observations showed that 
when whey washings were treated, bacteria did not form zooglea as 
with milk washings. 

Additional work on the effect of temperature on the activated sludge 
process is reported by Kenichi Chuda (125). In a series of labora- 
tory experiments with weak sewage fortified with egg albumen, the 
transformation of nitrogen was studied at different temperatures. 
Very little change in the ammonia, organic nitrogen and B.O.D. of 
liquor was obtained even after 10 hours of aeration at 3 to 7° C. When 
the temperature was raised to 12 to 17° C. purification as measured by 
the above yardsticks was considerably improved. Temperatures of 
22 to 27° C. were the optimum for biological purification and B.O.D. 
removals, although ammonia removal and nitrate formation were 
faster at 30 to 36° C. Most rapid sludge build-up took place at 20 to 
30° C. The same author (126) reported in detail the transformations 
of nitrogen taking place in the aeration of sewage with activated sludge 
at a given temperature. The forms of nitrogen studied were am- 
monia, organic, albuminoid amino, nitrite and nitrate nitrogen. 

Respiratory quotients for the different activated sludges tested by 
Sawyer and Nichols (209) varied from 0.59 to 0.94. Neither the sus- 
pended solids concentration nor the temperature showed a definite 
effect on the R.Q. values. The source of sewage and the character of 
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activated sludge had an influence on the R.Q. values. The effect of 
the addition of pure substances such as glucose, peptone or soap to 
activated sludge and the effect of storage of sludge and sewage with- 
out aeration were also determined. Further information on the res- 
piration quotient of sewage is reported by Masaru Hiura (150). Oxy- 
gen consumption was determined by the Fransenmeier-Sierp method. 
Carbon dioxide production was determined either in conjunction with 
the oxygen in the Fransenmeier-Sierp method or separately. When 
carbon dioxide and oxygen were determined separately, higher R.Q. 
values were obtained, probably due to the fact that by this method 
air was bubbled through sewage to determine carbon dioxide produc- 
tion, resulting in higher values. Forty-four samples of sewage from 
Kioto were thus tested and the R.Q. values varied from 0.67 to 2.10 
with an average of 1.03. The result of purification of sewage was to 
decrease the R.Q. values. The R.Q. values of sewage with additions 
of pure substances such as glucose, peptone and olive oil were also 
studied. 

The influence of temperature on the digestion of activated sludge 
without seed was studied by Ishimatsu Mitsuo (115). The criterion 
used was the transformation of nitrogen during a period of seven days. 
It was found that the rate of transformation of all types of nitrogen 
(total, organic, albuminoid, ammonia, amino, nitrite and nitrate) was 
lowest at 0 to 5° C. and highest at 55° C. The observed increases in 
nitrates can be disregarded as they are calculated on the basis of values 
on the fourth decimal place. 

Those who are interested in the technical aspects of anaerobic fer- 
mentation and methane production will welcome the compilation of all 
the work published on this subject during the past ten years at the 
University of Illinois by Buswell, edited by Hatfield (31). Some un- 
published material is also included. 


Mernops 


The importance and general significance of laboratory tests for the 
study and control of sewage treatment processes was recently sum- 
marized by Hatfield (89). Minimum tests for these are grouped ac- 
cording to treatment process. Suspended solids and _ biochemical 
oxygen demand are given as the most valuable plant performance and 
control tests. It is not surprising, therefore, that studies of these de- 
terminations, or substitutes for them, appear in the past year. 

The photronreflectometer was applied to the measurement of tur- 
bidity in sewage with success by Gehm and Trubnick (66). This de- 
vice employs the measurement of the current from a photronic cell set 
up by light reflected from suspended particles. Readings are made 
on a microammeter. This apparatus gives greater accuracy, requires 
a very small sample, eliminates the personal factor and can be applied 
to a wide range of turbidites. 

Outstanding are the studies on the improvement and simplification 
of the dissolved oxygen test for effluents, streams, and the B.O.D. de- 








196 SEWAGE WORKS JOURNAL March, 1940 


termination. Investigations by Barnett and Hurwitz of the Sanitary 
District of Chicago (17) indicate that the Alsterberg azide modifica- 
tion of the Winkler method eliminates nitrite interference. Since the 
sodium azide is contained in the alkaline-iodide reagent, the pro- 
cedure: is identical with the Winkler method. This simplification 
of procedure yields results substantially equivalent to the more 
involved Ruchhoft et al Alsterberg modification (194) and more reli- 
able than either the straight Winkler or the Rideal-Stewart modifica- 
tion on nitrifying liquids. The azide is known to be quite unstable, 
yet the alkaline-iodide-azide reagent has been found stable for over 
three weeks, presumably, if stored in brown bottles. 

The Winkler method for the determination of D. O. was found in- 
accurate by Sibata (217). He found the Miller method for determin- 
ing D. O. more satisfactory. This method consists of the oxidation of 
an alkaline solution of ferrous hydroxide tartrate, the end point being 
indicated by the reduction of methylene blue. The D. O. in the B.O.D. 
tests were determined by this method and it is stated that sodium 
nitrate does not interfere. 

The dilution water for determining the B.O.D. of some industrial 
wastes requires nitrogen and phosphate enrichment according to 
Nichols (170). As little as 2.5 p.p.m. ammonium sulphate and 0.1 
p.p.m. KH.PO, added to NaHCO, (300 p.p.m.) dilution water increased 
the 5-day B.O.D. of paper mill wastes by a maximum of 685 per cent. 

Comparison of the Sierp and dilution method for the determination 
of B.O.D. made by Kenichi Chuda (126), indicated that the dilution 
method gave higher values with greater dilutions and therefore the 
Sierp method was considered preferable. However, such results are 
always obtained with the dilution method when the dilution water is 
unsatisfactory. 

Recent investigation by Levine etal (140) on the optimum tem- 
perature for maximum growth and count of pollutional organisms in- 
dicates the interesting possibility of standardizing an incubation 
temperature between 25 and 30° C. for the usual biochemical and bac- 
teriological tests. Such suggestions may cause criticism, but a uni- 
form incubation temperature below 37° C. and above 20° C. has merit 
from the standpoint of equipment and operating cost. The condition- 
ing of a small room at + 30° C. is within the economical possibilities 
of even small American sewage treatment plants. 

The practical difficulties of obtaining representative samples of 
raw sewage and sludge is indicated in a report on ‘‘Solids Balancing,’’ 
by Flower, Budd, and Hauck (63) wherein wide discrepancies in com- 
puting solids balance were found. On the basis of this report one 
would conclude that for practical purposes a rapid estimation of sludge 
solids by the centrifuge method (S. W. J., 7, 23, 1935) would be satis- — 
factory for sludge conditioning, tank loading, ete. The suspended 
solids of sewage influents can be made more accurate by determining 
the settleable solids in a liter sample and the non-settleable suspended 
solids on a lesser volume of sample by the Gooch method. 





Vol. 12, No. 2 RESEARCH IN SEWAGE CHEMISTRY 197 


Funck (65) reports a simple method for determining ammonia ni- 
trogen. The estimation is based on the titration of HCl quantitatively 
liberated by the inter-action of NH,Cl and formaldehyde. The method 
may serve as a rapid estimation of ammonia nitrogen in sludges or of 
organic nitrogen after wet combustion. 

A modified method for determining ammonia nitrogen is recom- 
mended by Sibata (216). Distillation is conducted without the use of 
any buffers except magnesia when the pH of the sample is below 7.5. 
The distillation is made into saturated boric acid and titrated back 
with standard sulfuric acid using methyl orange as indicator. This 
departure from normal titration with phenolphthalein is made to over- 
come the error caused by CO.. 

Research in the development of methods for measuring the ‘‘ac- 
tivity’? of activated sludge continues. The more promising indices 
are oxygen uptake and carbon dioxide production over short incuba- 
tion periods. The closed aeration system reported by Butterfield et al 
(32) has been modified in the Indianapolis ‘‘Biometer’’ by Bloodgood 
(23), and the ‘‘Oxygen Utilometer’’ (Oum) by Sawyer of the Wiscon- 
sin State Laboratory Hygiene (206, 207, 208, 209). The latter two units 
measure the decrease in the volume of CO.-free air in closed systems 
as a measure of the oxygen demand of activated sludge mixtures. 
Considering the rapidity with which the rate of oxygen utilization 
changes, it appears that the short time B.O.D. values by the dilution 
method are not so informative as the recording meters. Although 


satisfactory for research purpose, simplification of design and operat- 
ing technic, and greater dependability are desirable to adapt present 
oxygen demand meters to routine control tests. 


CuemicaL TREATMENT 


Chemical treatment continued its rapid advance through 1939. 
This year was marked by the opening of two large new plants designed 
for occasional use of chemicals. The St. Paul-Minneapolis installation 
will treat 134 m.g.d. and the Clayton plant at Atlanta treating 42 m.g.d. 
(33). The design of new plants at Spindale, N. C., and Albermarle, 
N. C., are described by Pollock (175) and Moore (163), respectively. 
The Spindale plant will treat a sewage flow containing 85 per cent in- 
dustrial waste from rayon and cotton mills. A rapid sand filter will 
be used to polish the effluent. At Albermarle chemical treatment fol- 
lowing trickling filters is featured. An interesting innovation planned 
here is the addition of the final chlorine to the flash mixing chamber 
of the chemical treatment unit, in order to take advantage of the rapid 
dispersion of the chemical through the sewage. 

Operation and operating results commanded much attention in the 
literature. Sufficient time has passed for operators to accumulate re- 
liable data on the newer installations to allow definite conclusions to 
be drawn as to what can be expected from chemical treatment when 
operating difficulties have been ironed out and a definite scheme of 
control put into effect. 
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Haseltine (87) reports on two years’ operation at Butler, Pa. He 
found that the use of iron salts alone, while giving satisfactory B.O.D. 
reductions, left a yellow color in the effluent probably due to dissolved 
or dispersed iron. This effect could be prevented by addition of lime. 
Excessive coagulant dosages gave poor results. The addition of chlo- 
rine to the raw sewage was a necessary adjunct to coagulation. It 
was not necessary, however, to cary a residual through the plant. The 
B.0O.D. and suspended solids removals averaged 60 and 85 per cent 
respectively. The same author (88) describes trials, using alum and 
chlorinated copperas in combination, which accomplished removals of 
B.0.D. of 72 per cent and suspended solids 87 per cent. Better results 
at lower cost were obtained with this combination of chemicals than 
with either coagulant alone. However, the improvement in results 
did not warrant the added attention necessary to control the feeding of 
two chemicals. The installing of flexible chemical feed devices of ade- 
quate capacity so that any of the common chemicals may be used, to 
take advantage of price fluctuations, is recommended. The cost of 
chemicals at this plant averaged about $7.00 per million gallons. 

The accomplishments of the plant at Waukegan, IIl., were presented 
by Swope (237). Here Imhoff tanks are used for settling. Ferric 
chloride alone produced a B.O.D. reduction of 69 per cent and sus- 
pended solids removal of 74 per cent. Lime in combination with this 
coagulant yielded reductions of 61 and 81 per cent, respectively. The 
decreased suspended solids removal accompanied by higher B.O.D. 
reduction, when ferric chloride alone was employed, may be due to 
hydrolyzed iron present in the effluent, raising the suspended solids 
results, or reduction of some of the dissolved B.O.D. by reaction with 
the iron salt which was applied in greater amounts when no lime was 
used. This observation is not uncommon and perhaps volatile sus- 
pended solids of the effluent might be a better index of clarification 
when such processes are used. The Baylis silicate-alum method was 
tried at this plant for three periods of several days’ duration. A B.O.D. 
reduction of 63 per cent and a removal of suspended solids of 77 per 
cent was achieved at a lower cost than other methods of treatment. 
These results could be produced at a chemical cost of about $4.00 per 
million gallons. 

Improvement in the results obtained with the Guggenheim process 
at New Britain, Conn., were discussed by Szymanski (239). Here a 
flow of 9.5 m.g.d. was treated for four months with 37 lb. iron and 18.6 
Ib. chlorine per m.g. in the form of chlorinated copperas. Using 0.144 
cu. ft. of air per gallon and returning sufficient sludge to maintain 
1,100 p.p.m. suspended solids in the aeration tanks, reductions of 91 
per cent in B.O.D. and 93 per cent in suspended solids were realized. 
Total cost was $22.11 per m.g. An improvement over the previous 
year was shown in both cost and removals. 

The sewage of the city of Halle, Germany, was treated with varying 
dosages of ferric chloride by Miiller (166). He obtained B.O.D. reduc- 
tions of from 60 to 65 per cent with corresponding reductions of 87 
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per cent in suspended solids. Maintaining that the soluble matter 
comes through the process comparatively unchanged, he found that the 
increase in gas from the digestors was in proportion to the additional 
solids removed from the sewage by the chemical. Cost of such treat- 
ment was estimated at about $0.08 per capita per year for chemical. 

Mom and Schaeffer (159), apparently following experimentation 
by Jan Smit, treated sewage from a city in Java in an Emscher tank 
with chlorine, ferric sulfate and lime, and obtained a B.O.D. reduction 
of 75 per cent. The use of lime in solution rather than suspension led 
to better settling and improved clarification. This proved a difficult 
practice as a volume of water one-tenth of the sewage flow was required 
to apply the lime in the dissolved state. Lime in some form was nec- 
essary to produce maximum results. 

Data on B.O.D. removals by the Liberty, N. Y., plant were reported 
(3). Here alum is used exclusively for coagulation. The average 
B.O.D. removals for three summers were 82, 75 and 69 per cent, re- 
spectively. When treating a sewage varying from 300 to 600 p.p.m. 
B.O.D., an effluent of less than 100 p.p.m. was consistently produced. 
Higher effluent B.O.D. resulted when large quantities of laundry waste 
were present in the sewage. The volume of sludge seems to be in- 
creased. 

In discussing some of the newer developments in Holland, Rudolfs 
and Kessener (204) relate the method of treatment at Tilburg, where 
the sewage.is treated with about 35 p.p.m. of alum along with an alum 
liquor made by treating the sludge obtained with 400 grams of 60° Bé 
sulfuric acid per 1,000 gallons. The acidified sludge is allowed to 
stand three days. At the end of this time the sludge has compacted, 
leaving a clear supernatant which has coagulating properties. About 
80 per cent of the alum is recovered by this process and the B.O.D. of 
the sewage is reduced 70 per cent. 

In Japan, Sibata (216) reports laboratory trials which led him to 
the conclusion that the iso-electric point of the dispersed matter in 
sewage is at pH 6.8, because at this value he was able to coagulate sew- 
age with ferric sulfate. 

Investigations of the theory of chemical coagulation and the de- 
velopment of better methods of controlling the process have continued. 
As the chemical demand of sewage varies it would be advantageous 
to have a method of determining rapidly the coagulant requirement. 
The jar test method now used is too slow and the sewage has gener- 
ally been treated by the time results of this test can be obtained. 
Eldridge (55) attempted to employ cataphoresis measurements for the 
purpose of predicting the coagulant dosage. His experim2nts showed 
that no relationship existed between the point of optimum coagulation, 
the iso-electric point and the z-potential. If a relationship had existed 
the method would have been applicable. The optimum point for co- 
agulation, judging from visual observations, occurs at the maximum 
2 potential, which point is not well defined. Some interesting conclu- 
sions, however, could be drawn from the data obtained. The author 
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believes that coagulants serve a dual purpose in clarification. First, 
a floc is formed by the reaction between the alkalinity in the sewage 
and the coagulant. This floc maintains a charge which is opposite to 
that of the dispersed matter. Thus, the second action, that of attract- 
ing the dispersed particles, takes place. He believes that the nature 
and amount of colloidal matter determines the dosage of coagulant 
necessary. The above explanation appears to be essentially correct 
and is supported by the data presented, but the explanation is not com- 
plete, since all the observations made in the application of chemical 
treatment are not answered. However, more of the facts fit this theory 
than others, many of which are rather close to speculation. 

Working with hydrosols of iron prepared by boiling and dialyzing 
ferric chloride solutions Elder and Stahl (53) found these prepara- 
tions to be less efficient coagulants than ferric chloride for sewage and 
dairy waste. They concluded that this was due to the fact that the 
sols were of larger particle size than was the solution of the salt. As 
the sol produced by boiling had chlorine ions present and the dialyzed 
sol did not preclude them, this ion may be responsible for the stronger 
action of the salt. When the sols age the particles become larger and 
their coagulating power decreases. The authors claim that the initial 
particle size of the coagulant alone controls the effectiveness of the 
coagulant according to Von Weimarn’s theory. Further evidence for 
this contention is held to be the difference in type of floe formed by 
the sols and the salt. Sol floes were granular as compared,to the gela- 
tinous floc formed by the ferric chloride. Thev explain the difference 
in action as one of crystal lattice formation. The salt forms a lattice 
which can absorb most of the suspended particles while the sol lattices 
have a lower capacity for holding them. Those which will not fit in 
the sol lattice remain dispersed in the liquor. It appears that the basic 
observations are corect as far as they go. For pure sols this concep- 
tion holds quite well but the character of the sol and the dispersing 
liquor are highly variable in sewage and the curves presented cannot 
be classed as general. 

Tn investigating the cause of the coagulant demand of sewage, Gehm 
(67) concluded that organic matter, in solution or extremely fine sus- 
pension (having no Tyndall cone effect), was responsible for the de- 
mand. Once the demand of this material was satisfied, very small 
quantities of ferric chloride were required to coagulate sewage. Thus 
it is the dispersion medium, rather than the visible dispersed particles, 
that is responsible for the demand. Ammonia-nitrogen content was 
found to be an index of coagulant demand although the ammonia itself 
was not responsible. Urine raises the demand appreciably and the 
ammonia content is probably an index of the amount of urine present 
in sewage. There are, therefore, three actions when a coagulant is 
added to sewage. In addition to the two presented by Eldridge the 
interfering substances must be satisfied before a floc sufficiently active 
to remove all the dispersed matter is formed. The type of coagulation 
curve produced will then depend on the amount and type of the inter- 
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fering materials rather than on the dispersed matter itself. This does 
not mean that the character of the dispersion does not affect coagula- 
tion, but it does appear that once the dispersion medium is properly 
conditioned the dispersed particles are very readily coagulated. 

Interest in flocculation is evidenced by the appearance of three 
papers on the subject. The essentials for efficient agglomeration are 
laid down by Velz (247). He says that flocculation should be an inde- 
pendent operation, insuring intimate contact of particles to allow for- 
mation of a tough, rapidly settling floc, so that re-dispersion will not 
take place. Darby (39) states that flocculation produces consistent 
results regardless of raw feed and that when chemicals are applied 
substantial savings will be obtained by flocculation. He discussed new 
units employing combined flocculation and sedimentation. 

The search for new and better coagulants and improved apparatus 
with which to apply chemical treatment has continued as evidenced 
by the literature and patents granted. A process involving elecero- 
dialysis of sewage to aid in coagulating with chemicals was granted to 
Slagle (224). Another Slagle patent (225) covers the preparation and 
use of diferric tetrachloride mono sulfate (Fe.Cl,SO,) as a sewage 
coagulant. Darby, Weber and Fischer (38) patented a device which 
combines the flocculation and sedimentation processes in a single unit. 


TrIcKLING FILTERS 


Trickling filters continue to be popular for oxidation treatment of 
sewage in the smaller and medium size plants. Inquiries in 1937 (232) 
and 1938 (138) indicated that there were 947 municipal installations in 
the United States in 1937 and 1,140 in 1938, compared with 371 instal- 
lations in 1926, an increase of over 200 per cent in twelve years. Par- 
ticular attention in research and new development has been directed 
toward high-rate filtration, re-circulation of the filter effluent and stage 
filtration. 

Conventional Filters.—Ponninger (176) found that the amount of 
water held by the film was dependent upon the load placed upon the 
bed and that the amount of film in the filter was dependent upon the 
type and size of filter material. It is concluded that with sufficient 
oxygen supply the degree of purification depends upon the amount of 
biological film, together with the diameter and depth of the bed. In 
a subsequent article the same author (178) observed that since purifi- 
cation of sewage in a trickling filter is primarily dependent upon the 
time of contact, and the contact time upon the amount of biological 
film, which in turn is affected by the-size and shape of the filter, con- 
struction cost was a dominant factor. A series of curves is presented 
to show the relative cost of various sizes of open filters, and of closed 
filters with artificial aeration, and the part played by the size of the 
filter material. A filter with a diameter of 54 ft. and an effective vol- 
ume of 5,560 cu. yds. is considered the most economical. 

Experiments with an artificially aerated trickling filter gave the 
opportunity to obtain information on oxygen consumption. As a re- 





202 SEWAGE WORKS JOURNAL March, 1940 


sult of these studies Ponninger (177) states that oxygen demand de- 
pends upon the staleness of the sewage, the amount of air supplied 
and the volume of sewage treated. The author concludes that oxygen 
consumption in a filter is only slightly affected by the variations in 
the strength of sewage. With increased air supply oxygen consump- 
tion increases greatly. Only organic substances deposited in the filter 
were oxidized by increased aeration, thereby reducing sludge forma- 
tion in the bed. With decreased air supply, increased clogging oc- 
cured, reducing oxidation and purification. With increased loading 
the oxygen consumption increased in direct proportion until a limit 
was reached. Without artificial aeration the load applied must be re- 
duced to obtain equal purification. 

In a further communication Pénninger (179) compared the B.O.D. 
reduction of sewage obtained in a trickling filter with the oxygen con- 
sumption of the bed by determining the B.O.D. remaining in the sew- 
age and the oxygen reduction in the air blown into the filter. During 
the rest periods when no air was applied, oxygen reduction took place 
but it was considerably increased by the aeration. The increase in 
oxygen consumption was considered due to the oxidation of the ac- 
cumulated sludge. The oxygen consumption of the sludge varies. To 
determine how far the material should be oxidized before discharge 
into a given water course, the equation proposed is B.O.D./day = 3 Q 
B.O.D./hr., where B.O.D./day is the total oxygen demand per day ob- 
served, Q the hourly quantity of sewage and B.O.D./ hr. the average 
hourly B.O.D. of the sewage. 

On the basis of observation and experiments during the ripening 
of filters Ponninger (180) compared the degree of sludge accumulation 
with the contact period of the sewage. The accumulated sludge repels 
water while the film absorbs it so that the contact time during the 
working-in period is less. The absorption of the water by the film aids 
in the purification. It is clear therefore that the amount of film and 
not the surface of the filter media determines the contact time. 

In comparing trickling filter efficiencies Ponninger states that (181) 
water consumption and B.O.D. of sewage give only approximations but 
are not measurements of efficiency. The only proper measuring stick 
that can be used is the oxygen consumed during purification. For in- 
stance with the same B.O.D. in the effluent one filter has a higher per- 
formance than another. 








City Water, liter/day B.O.D. Influent B.O.D. Reduction 





60 * 600 520 
100 450 370 
300 140 60 














Mahlie (147) made an analysis of the loadings of the trickling fil- 
ters at Fort Worth during a four-year period. When the loadings 
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were high (on the basis of the B.O.D. applied) due to the packinghouse 
wastes, nitrification dropped. Sewage pre-treated in four different 
ways was applied to the filters, namely: (1) Imhoff tank effluents (2) 
primary tank effluent (3) aerated primary tank effluent and (4) aerated 
and settled primary tank effluent. The amount of air used during 
these last two periods was 0.43 cu.ft./gal. during 5.0-5.5 hours. An 
effluent containing the least amount of suspended solids and B.O.D. was 
obtained when the sewage was aerated and settled. The largest re- 
moval of pounds of B.O.D. was accomplished by the filter which re- 
ceived aerated sewage. During the first two periods there was slight 
ponding but not during the latter two periods. 

There appears to be a greater tendency to accept B.O.D. determi- 
nations as the criteria for evaluating filter loadings and performance. 
However, Imhoff (111) preferred per capita rates of sewage flow per 
cubic meter of filter using ‘population equivalent” values for organic 
industrial wastes (merely multiplying B.O.D. by a per capita factor). 

Knechtges (130) has graphically summarized the relation between 
B.O.D. load applied and B.O.D. removed for long term operating re- 
sults of eight conventional rate plants, indicating B.O.D. removals be- 
tween 70 and 90 per cent for loadings ranging from 100 to 1,650 pounds 
5-day B.O.D. per acre ft. per day. Similar data from short term ex- 
perimental filters indicate B.O.D. removals between 60 and 70 per cent 
for loadings from 5,000 to 7,000 lb. 5-day B.O.D. per acre ft. per day. 

McIntyre has reported (152) two years operating at Cedar Rapids 
with average B.O.D. loading of 1,342 lb. per acre ft. per day (sewage 
strength about 350 p.p.m.) and an average of 78 per cent removal, max- 
imum loadings being as high as 2,560 lb. B.O.D. per acre ft. per day for 
a single day. 

The joint Wisconsin and Minnesota tentative standards for high- 
rate filters (35) specify ‘‘That filter loading should not exceed 1.0 
pound 5-day B.O.D. per sq. ft. of filter per 24 hours based on an 8-ft. 
depth (equivalent to 5,445 lb. per acre foot) and maximum dosage not 
to exceed 26 m.g.a.d. This appears to be a very liberal allowance. 

High Rate, Enclosed, Aerated, Heated, Stage and Recirculated 
Filters.—Piret, Mann, and Halvorson (174) studied the rates of air 
flow through filters at different rates of application. The flow of air 
with continuous water distribution after equilibrium was established, 
was a straight-line function of the difference between the temperature 
of the air and of the water and was independent of the dosage up to 
20 m.g.a.d. Descending water by itself had only a negligible effect on 
the air flow. The direction of air flow was influenced by difference 
of water temperature and air temperature. During intermittent dos- 
age, pulsation in air flow took place as a result of the increased heat 
transfer during the dosing period. For a given amount of water 
dosed on a filter intermittent dosage did not bring about as much air 
flow as continuous dosage. 

Montgomery (162), in a general discussion of the rates of applica- 
tion, pointed out that the conventional filter operates with a high 
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fluctuating instantaneous rate and a low daily capacity, while the ‘‘aero- 
filter’? operates with a low instantaneous rate but high daily capacity. 
It was stated that the quantity of nitrates formed was influenced by 
the quantity of sludge in the filter and that the higher the stability of 
the sludge (longer sludge is held in the filter) the greater the tendency 
to pond. 

Goldthrope (70) conducted some experiments with high-rate filtra- 
tion (10 and 20 m.g.a.d.) in concrete pipes 8 ft. long and 2 ft. in diam- 
eter. The media was 2 to 4 in. clinker. Using the sodium chloride 
test it was found that the contact time was 20 to 25 minutes at 10 
m.g.a.d. and 7 to 9 minutes at 20 m.g.a.d. General ponding of the sur- 
face was not noticed, although local ponding occurred. Flies congre- 
gated under the ponded portion protected from the heavy wash. Here 
they laid their eggs and the larvae cleared up the ponding. Growths 
on the surface did not interfere with purification. Although ventila- 
tion was reduced by the growths this was counterbalanced by longer 
period of contact. Growths within the bed were small and chanelling 
was not evident except in the upper foot. With warmer weather flies 
increased at such a rate that the bed was stripped clean and the larvae, 
left without a foothold on the medium, were washed out until growth 
increased and fly population was re-established. Purification as meas- 
ured by B.O.D. removal was 55 per cent at 10 m.g.a.d. and 45 per cent 
at 20 m.g.a.d., with a B.O.D. of applied sewage of 160 p.p.m. At the 
10 m.g.a.d. rate 8,800 lb. B.O.D. was removed and 14,000 lb. at the 20 
m.g.a.d. rate. 

Sohler (228) reported that the conventional trickling filters at Stutt- 
gart were changed to high-rate filters. Fourteen days after the change 
a number of clogged areas appeared on the surface but these disap- 
peared entirely. Some nitrification was obtained at the high rates. 
The removal of B.O.D. was not appreciably lower at the high rates with 
sedimentation than at the lower rates without sedimentation (original 
low-rate filters were not provided with secondary sedimentation tanks). 
The bacterial counts of the effluent from the high-rate filters were 
many times higher than those from the low-rate filter. 

Hamlin and Wilson (82) in South Africa experimented with en- 
closed ventilated filters during the summer at a rate of 120 gal. per cu. 
yd. per day. The results showed that artificial ventilation of an en- 
closed filter was necessary if an effluent of 100 per cent stability was 
required. The output of the open filter was higher during the sum- 
mer. It was concluded that temperature was of far greater influence 
on operation of the open filter than artificial ventilation on operation 
of the enclosed filter. Blowing air through the filter did not materially 
assist in the purification when the filter was dosed at a rate of 200 
gal. per cu. yd. per day. In model experiments with filters 3 ft. in 
diameter and 6 ft. deep a dosage of 715 gal. per cu. yd. per day could 
be handled during the warm weather. Two experimental pipe filters 
6 in. in diameter and 6% ft. deep were constructed. Through one air 
was blown, renewing the atmosphere 35 times during 24 hours. At 





Vol. 12, No. 2 RESEARCH IN SEWAGE CHEMISTRY 205 


a rate of 300 gal. per cu. yd. per day the effluent from the naturally ven- 
tilated filter deteriorated, but this did not occur with the effluent from 
the aerated filter. Artificial introduction of carbon dioxide had little 
effect on purification. It was concluded that the beneficial influence 
of ventilation was not due to the removal of carbon dioxide. In a 
subsequent paper Wilson and Hamlin (261) gave the results of experi- 
ments which substantiated the earlier findings. In winter the enclosed 
ventilated filter operated at a higher loading than the open filter, 
whereas in summer the rates of the two filters were almost equal. 
When sewage fed to the open filters was heated during the cold months 
the same rate could be maintained as in the warm months. Accord- 
ingly experiments were conducted with model filters to determine the 
optimum temperature, covering a range from 70 to 120° F. Up to 
95° F. benefit was obtained by increasing the temperature, but at 100° 
F. purification and nitrification seriously diminished and became worse 
with still higher temperatures. 

Additional work with inclosed filters was reported from England 
by Hurley and Windridge (107). Two enclosed experimental filters 
were constructed. No. 1 was a 13 ft. filter with the top and bottom 
foot filled with 114 to 2 in. stone and the remainder %4 to 1 in. stone. 
No. 2 was a 6 ft. filter with 1.0 ft. at top and bottom of 2 to 2% in. stone, 
and the middle of 1 to 1% in. stone, designed to treat sewage at a very 
high rate. This was followed by a secondary filter similar to No. 1 
but operated at a higher rate to give complete treatment in two stages. 
An impulse type distributor was used. Air was supplied at a rate 
of 200 cu. ft. per min. to No. 1 filter and 600 cu. ft. per min. to No. 2 
filter. Sewage contained industrial wastes in high proportion and 
had an average B.O.D. of 324 p.p.m. and suspended solids of 122 p.p.m. 
No. 1 filter could purify 145 to 167 gal. per cu. yd. per day, giving a 
purification of 95 per cent as measured by B.O.D. Such a strong sew- 
age when applied to an open filter could not be treated at rates higher 
than 50 gal. per cu. yd. per day. No. 2 filter dosed at a rate of 800 
gal. per cu. yd. per day gave a B.O.D. removal of 70 per cent without 
any sign of ponding. When artificial aeration was stopped the efflu- 
ents deteriorated appreciably. In a subsequent paper, Hurley and 
Lovett (108) reported that the dosage on No. 1 filter had been increased 
to 205 gal. per.cu. yd. and on No. 2. to 1,070 gal. per cu. yd. with se*t*s- 
factory effluents. 

On the basis of experiments, Husmann (110) concluded that aerated 
high-rate trickling filters constitute an efficient method of sewage puri- 
fication. In spite of the fact that no air was supplied for several days 
considerable purification was accomplished. 

Dahlem (37), in a discussion of construction cost of highly loaded 
trickling filters, concluded that enclosure and artificial aeration were 
not necessary but that the proper size of filter material, natural venti- 
lation and good sewage distribution were important. Similar conclu- 
sions were reached by Nauta (167) at Amsterdam. Artificial aeration 
and covering of filters is not considered necessary. Good bottom 
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aeration and proper distribution are important. Imhoff (112) be- 
lieves that trickling filters can receive much higher loadings than cus- 
tomary heretofore, without interference with purification. All so 
called new developments have been known for a long time; artificial 
aeration is not necessary in beds up to 8 ft. deep. Covering of high- 
rate filters is still less needed except perhaps for fly control but fly 
nuisance can be greatly reduced by continuous spray applications. 
Returning of effluents whieh has been known and practiced for decades 
is ordinarily unnecessary. It may be helpful when very strong sewage 
is applied or when filters are only several feet deep and double filtra- 
tion is to be avoided. In effect, any ordinary trickling filter can be 
changed to a high-rate filter by greater application of sewage. The 
important thing is to design the filters on fundamentally correct prin- 
ciples. i ee 

The Chicago experiments on high-rate filtration noted in 1937 (173) 
have been reported (92) covering an operating period of 2% years, 
with dosing rates ranging from 20.0 to 30.0 m.g.a.d. The results indi- 
cate that for the relatively weak Chicago sewage (48 to 74 p.p.m. 5-day 
B.O.D.) these rates and possibly higher could be applied with no evi- 
dence of clogging, and with monthly average B.O.D. removals, from 
raw sewage to plant effluent, of about 15,000 lb. per day per acre of 
filter. The overall percentage reductions in B.O.D. were lower than 
for plants including conventional rate filters, ranging from about 75 
per cent for application rates of 20.0 m.g.a.d. to about 65 per cent for 
application rates of 30.0 m.g.a.d. ‘Forced aeration and some recircu- 
lation was tried for several weeks. 

Halvorson and Smith have reported (81) results for a year of oper- 
ation at Fall River, Wis., using relatively strong screened sewage with 
5-day B.O.D. from 150 to 495 p.p.m., resulting in overall B.O.D. per- 
centage reductions ranging from 87.6 down to 56.6 per cent, the lower 
reductions being attributed to excessive volumes of industrial wastes. 
The report states that overall reductions of 75 to 85 per cent were indi- 
cated when the sewage flow was reduced to 200,000 gallons daily, cor- 
responding to an application rate of 20 m.g.a.d., and with a B.O.D. of 
about 400 p.p.m., giving a filter loading of 43,560 lb. per acre per day 
(assuming 35 per cent removal by screening). 

Installations of high-rate filters at Bedford, Ia., Paris, Ill., and 
Lakeland, Fla., have been constructed with guarantees by equipment 
manufacturers as to operating results. Satisfactory operating tests 
have not yet been completed. 

Edwards and Adams have reported (51) results of operation of 
several small high-rate experimental filters at the Lawrence Experi- 
ment Station using relatively strong domestic sewage (about 500 p.p.m., 
B.O.D.) and a comparison with the results of similar low-rate filters. 
Two filters operating 14 months with rates of application of 17.8 
m.g.a.d. gave a reduction in B.O.D. of 67 per cent with recirculation 
of 20 per cent of the filter effluent, and 59 per cent without recircula- 
tion. Other tests on three filters with rates of 20 m.g.a.d. gave overall 
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removal of B.O.D. ranging from 65 to 74 per cent, as compared with 
95 per cent for two filters operated at 1.5 and 4.1 m.g.a.d. rates. The 
high rate filter B.O.D. loadings averaged 5,200 lb. per acre ft. per day 
as compared with 390 and 1,070 for the lowrate filters. The authors 
stated that they were able to obtain high reductions of B.O.D. per acre 
foot per day at the expense of a good effluent. Some clogging troubles 
were experienced on all the high-rate filters. 

The term ‘‘bio-filtration’’ applied by Jenks (118) to a method of 
‘‘repeatedly passing sewage at high rates of application through a 
small volume of rock filter medium’’ has made several appearances 
in trickling filter literature. This process has been described by 
Fischer and Thompson (62) as ‘‘the pre-settling or detention of the 
sewage prior to its application to a trickling filter, and the re-circula- 
tion of all or part of the filter effluent back to the detention tank.’’ 
Dosing rates, including re-circulation as high as 125 m.g.a.d., with more 
usual rates ranging from 20 to 60 m.g.a.d., are suggested to maintain 
ventilation and prevent clogging. One, two and three stages of oper- 
ation have been proposed. Seventeen installations were reported 
(62), ranging in capacity from 0.07 to 3.0 m.g.a.d., of which eight were 
installed in 1939 and fourteen are located in California. The results 
of short tests of operating results at Petaluma with raw sewage 
strengths in B.O.D. ranging from 521 to 636 p.p.m. indicated B.O.D. 
removals ranging from 89.0 to 97.6 per cent for two-stage operation. 
The rate of dosage of raw sewage ranged from 5.0 to 10.6 m.g.a.d. with 
re-circulation ratios ranging from 2.5 to 5.9 so that actual rates of ap- 
plication ranged from 17.2 to 42.1 m.g.a.d. Similar results were re- 
ported for Healdsburg, Cal., and San Mateo, Cal. All three of these 
plants include rotary distributors and filter beds 3 ft. in depth. Fischer 
and Thompson also reported the results of single-stage experimental 
filters dosed with strong sewage (288 to 315 p.p.m., B.O.D.) at 60 
m.g.a.d. and a re-circulation ratio of 4.0 with filter depths of 2, 4, and 
6 ft., in which the B.O:D. removals ranged from 75.5 per cent for the 2- 
ft. filter to 83.0 per cent for the 6-foot filter. 

The construction of a double-stage trickling filter plant at Houston, 
Texas (12) for treating brewery wastes has been reported by Bushee, 
the design being based on the results of a pilot test plant. 

Re-circulation as an aid toward greater B.O.D. removals for strong 
sewages has received continued attention since the 1937 reference (73) 
to Jenk’s experiments. Halvorson reports (80) that the return of 
large quantities of effluent tends to counteract the increase in acidity 
which develops in the treatment of certain industrial wastes. Thus, 
at Dayton, Wash., Fox Lake, Wis., and elsewhere, filters have been in- 
stalled to operate as conventional trickling filters except during the 
canning season, when they operate as high-rate filters with large 
amounts of effluent re-circulated. 

The flocculation effect of high rate filters has been noted by various 
observers. A recent study (232) of the results of the operation of 
experimental filters by Levine and associates (139) shows that filtra- 
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tions at 8 and 16 m.g.a.d. rates so modified the colloidal matter that 82 
per cent as much B.O.D. was removed i in the final sedimentation tanks 
as by the filter unit. 

Imhoff (111) considers that less sludge is digested within the high- 
rate filter and larger amounts of a more putrescible sludge are dis- 
charged and removed by final sedimentation than with low-rate filters. 

Notwithstanding the large amount of development work done dur- 
ing the past three years with high-rate trickling filters, including re- 
circulation and stage filtration, much additional research will be re- 
quired before the economical utilization of these procedures may be 
definitely established with all types of sewage. The low-rate filter still 
attracts the attention of the conservative engineer where an assured 
high degree of sewage treatment is desired. 

The efforts of a number of commercial firms to establish the pat- 
ented high-rate filtration process, coupled with the desire of many in- 
dustries to find the most economical process of biological treatment of 
industrial wastes, gives promise of a continued activity toward the 
utilization of high-rate filters. 

An interesting structural development has been the elliptical con- 
crete domes 150 ft. in diameter to cover trickling filters at Hibbing, 
Minn. (158). Shell thickness varied from 3% to 6 inches. 

Miscellaneous.—Description and results of interchangeable tray fil- 
ters placed above each other 2% in. apart are given by Demoll and 
Liebmann (40). Large protozoa were predominant in the upper trays; 
smaller forms and numerous small worms in the center. General bio- 
logical activities increased greatly so that the rate of application could 
be increased several times as compared with ordinary filters. 

Steel (235) gives some results on contact aeration. Contact media 
was crushed stone 2 to 3 in., concrete cylinders 2 in. in diameter and 
corrugated aluminum plates. With a B.O.D. of 108 to 116 p.p.m. in 
the pre-settled sewage, the effluents from contact filters had a B.O.D. 
of 7 to14p.p.m. The contact aeration was applied in two stages each 
followed by sedimentation. Amount of air used was 1.25 to 1.8 cu. ft. 
per gallon. Certain advantages over activated sludge treatment are 
claimed. 

At Wellington, Ohio (14), settled sewage is run into a sodded area. 
The grass strains the solid matter, acting as a colloider or contact sur- 
face. Beach grass was found suitable for this purpose. Underdrains 
were provided. 

Melbourne, Australia, has in operation 967 acres of grass filters, 
according to Borrie (25). Settled sewage passes through ‘graded bays 
33 ft. wide and not less than 120 ft. long which are sown with Italian 
rye or native buttonweed. Effluents with as low suspended solids as 
5.2 p.p.m. and B.O.D. of 17.8 p.p.m. were obtained from well established 
grass areas, receiving settled sewage with suspended solids of 164 
p.p.m. and B.O.D. 363 p.p.m. Uniform continuous loading of 1 m.g.a.d. 
per 20 to 24 acres is practiced. No odor or other nuisances are re- 
ported. 
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ACTIVATED SLUDGE 


Mechanism of Process.—The rate of oxygen consumption by acti- 
vated sludge under different conditions has been the subject of a num- 
ber of investigations. Sawyer and Nichols (207) observed that at 
least three types of curves can be drawn from the oxidation of vari- 
ous activated sludge-sewage mixtures but that approximately the same 
type of curve can be expected from any sludge when oxidizing differ- 
ent domestic sewages. They believe that the utilization of oxygen by 
activated sludge at a rate greater than 7 mg. per hour per gram of 
dry sludge indicates a poor sludge. This is in agreement with the 
findings of Ruchhoft, McNamee and Butterfield (195), who considered 
sludges using 2 to 6 mg. of oxygen per hour per gram of sludge as good 
sludge. Sawyer and Nichols found good correlation between the base 
rates of oxygen usage (utilization by sludge alone) with the percent- 
age of volatile matter in the sludge. They also reported that the 
amount of oxygen consumption per unit of time by an activated sludge- 
sewage mixture is influenced by the strength of the sewage, as meas- 
ured by the B.O.D. Sawyer (206) showed that the high initial rate of 
oxygen utilization by certain activated sludge-sewage mixtures is 
caused primarily by oxidation of nitrogenous substances and that the 
duration of the high rate can be prolonged by addition of substances 
containing readily available oxidizable nitrogen such as urine, urea, 
ammonium chloride or peptone. The addition of soap or glucose to 
such mixtures did not prolong the period of high oxygen usage. The 
high initial rate of oxygen utilization by an activated sludge-sewage 
mixture, in which nitrification was a minor factor, was found to be 
caused by oxidation of carbonaceous matter. The high rate was pro- 
longed by glucose in proportion to the amount present but soap or pep- 
tone did not appear to have a similar effect. From these observations 
Sawyer concluded that the duration of the initial high rate of oxygen 
utilization by activated sludge-sewage mixtures was related to spe- 
cific components of the sewage in the cases studied, rather than to the 
combined effects of all the components. Sharp breaks in the rate curves 
usually indicated the completion of the oxidation of one component. 
Although oxidation of sewage by activated sludge has been considered 
as progressing in two stages, the author believes that the oxidation, 
first, of carbonaceous material and second, of nitrogen, is not neces- 
sary. If nitrifying organisms are present and ammonia nitrogen is 
available, production of nitrites and nitrates may begin in the first part 
of the aeration tank. 

Sawyer and Rohlich (210) found that temperature influenced fairly 
constantly the rate of oxygen utilization by activated sludge and by 
activated sludge-sewage mixtures obtained from four different sources 
under summer and winter conditions. For activated sludge alone, 
the average rates at 20, 15 and 10° OC. were found to be 71.2, 45.2 and 
25.5 per cent, respectively, of that found at 25° C. Activated sludge- 
sewage mixtures gave rates of similar magnitude which averaged 73.4, 
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46.1 and 24.0 per cent of that found at 25° C. They have developed 
an equation y —0.71 2'* in which y is the relative activity in percent- 
age, based on the value at 25° C., taken as 100 per cent, and 2 is the 
temperature in degrees centigrade. This equation has been found to ap- 
ply in general to the influence of temperature on the rate of activated 
sludge oxidations. Temperature has the same effect on rates of nitro- 
genous and carbonaceous oxidation. Winter sludges were found to use 
more oxygen at a given temperature than the corresponding summer 
sludges. This variation has been correlated with the compensating 
ability of activated sludge to overcome, partially, the influence of sea- 
sonal temperature changes. 

Ruchhoft, Butterfield, McNamee and Wattie (196) presented data 
to show that the rate of removal by activated sludge of total carbo- 
naceous (first stage) B.O.D. of the substrate, which may be sewage or 
some other nutrient substance, is very high for the first half hour. 
The high rate may continue as long as three hours. From 80 to 90 per 
cent of this first stage B.O.D. can be removed from the sewage sub- 
strate with five hours’ aeration. The proportion of this first-stage 
B.O.D. reduction actually oxidized varies from 2.5 to 30 per cent in 30 
minutes and the values increase to 30 to 60 per cent after 5 hours. The 
variations depend upon the quality and quantity of both sludge and 
sewage in the aeration mixture. The percentage of first-stage B.O.D. 
removed from the sewage as a result of net adsorption and synthesis 
(all mechanisms other than oxidation) increases rapidly from the start 
for from 0.5 to 3.0 hours, and during this period a maximum of about 
50 to 70 per cent is removed. After the maximum was reached, the net 
percentage of first stage B.O.D. removed by adsorption and synthesis 
decreased. 

Ruchhoft and Smith (197) reported that short time utilization tests 
are the best index of change with overloading or starvation of acti- 
vated sludge. The quantity of oxygen used per gram of suspended 
solids during short aeration periods of mixed sewage and sludge 
samples gradually increased with overloading of sludge. When the 
addition of sewage to the sludge was stopped, the oxygen consumption 
slowly decreased. Their experiments indicated that the biological 
quality of activated sludge gradually deteriorates with prolonged over- 
loading or starvation. Prolonged aeration without food altered the 
normal characteristics of activated sludge to a point where the sludge 
entirely lost its ability to oxidize sewage at high rates. 

Heukelekian and Littman (98) in studying the carbon and nitrogen 
transformations in the purification of sewage by the activated sludge 
process, found that with short periods of aeration, such as an hour, 
the carbon of the sludge increased by adsorption at the expense of the 
suspended organic carbon in the liquor. The removal of the finely 
divided organic carbon which followed was attributed to biological 
assimilation by sludge floc, as it was accompanied by a high rate of 
CO, production. This rapid removal of organic carbon from suspen- 
sion and the slower removal of the finely divided organic matter by 
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oxidation resulted in an increase in the amount of sludge, first by physi- 
eal accretion and then by microbial assimilation. Continued aeration 
beyond the purification period resulted in dispersion of the sludge ac- 
companied by an increase of organic carbon in suspension and libera- 
tion of the end products of bacterial metabolism with an increase in 
finely divided organic carbon. About 65 to 75 per cent of the organic 
carbon removed by activated sludge could be recovered as CO,. The 
nitrogen transformations were (a) quantitative conversion of ammonia 
nitrogen to nitrate, (b) bacterial assimilation of some ammonia ni- 
trogen and (c) liberation into the liquor of part of the nitrogen as 
ammonia with periods of overaeration and then conversion of the am- 
monia to nitrates. The carbon to nitrogen ratio of activated sludge 
was approximately 5.7 to 1. 

Heukelekian and Littman (99) also studied the morphological and 
cultural characteristics of cultures of zoogleal bacteria obtained from 
14 different activated sludges. These cultures, capable of producing 
flocculent masses simulating good natural activated sludge, were found 
sufficiently alike to be classed either as one species or as one genus 
and were also indistinguishable from the zoogleal bacterium, zooglea 
ramigera, described in 1935 by Butterfield. Sludges prepared from 
pure cultures of these organisms settled rapidly and had an average 
index of 54. These pure culture sludges were stable and could not be 
made to bulk under conditions which would produce extreme bulking 
of natural activated sludge. The chemical composition of pure cul- 
ture zoogleal sludges was fairly constant. On the average, they con- 
tained 44.9 per cent carbon and 9.9 per cent nitrogen. The carbon to 
nitrogen ratio was 4.5 to.1. 

Sludge Bulking—At Manchester, England (148), bulking of sludge 
was found to be caused not by change in pH, lack or excess of oxygen, 
presence of filamentous organisms or excessive grease but it seemed 
to be a result of a normal decrease in density of the sludge, experienced 
during dry weather, and a lowering of the critical weight of the sludge. 
At times, bulking seemed to depend on the nature and concentration of 
industrial wastes in the sewage. A reduction in the volume of return 
sludge was suggested to improve settling. 

Bulking occurred when settled sewage instead of raw sewage was 
added to the aeration tanks at Shanghai (215). The addition of silt 
or mud was only partially successful in eliminating the trouble. 

At San Antonio, Berg (21) reported that the addition of too much 
digester supernatant liquor to the primary clarifiers seemed to be the 
cause of bulking. When activated sludge is in good condition, quite a 
large amount of digester supernatant liquor is required to poison it 
and to produce bulking. If the sludge is in poor condition because of 
slight under-aeration it is sensitive to even small amounts of digester 
liquor. Twice, when a tank was poisoned, several months elapsed be- 
fore the sludge index dropped to a satisfactory value and then only 
after decided increase in the amount of air per pound of B.O.D. load. 
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_ The presence of large amounts of filamentous organisms has fre- 
quently been blamed for bulking of sludge. Rarely, indeed is bulking 
ascribed, even in part, to the absence of these organisms. In the treat- 
ment of whey washings by the activated sludge process the British 
Water Pollution Research Board (253) reported that bulking occurred 
on several occasions. This bulking, they believed, was probably 
caused by the breaking up of flocs, facilitated by the absence of fila- 
mentous organisms, and to a change in the character of the bacteria 
which did not readily form zooglea. 

When Ingols and Heukelekian (114) studied the effect of carbohy- 
drates on the bulking of sludge they found that, with a relatively large 
amount of carbohydrate, such as glucose, and a limited amount of 
nitrogen, the zoogleal organisms could not completely utilize the carbo- 
hydrate and leave an excess to stimulate the growth of sphaerotilus. 
With an abundance of nitrogen and fairly large amounts of glucose the 
zoogleal organisms can compete with sphaerotilus only for a short time 
since, in the presence of glucose the sphaerotilus develops at a much 
higher rate than the zoogleal organisms. The optimum carbon to nitro- 
gen ratio to retard bulking is approximately 8 to 1. The condition 
of the sludge, defined as the stage of oxidation of the sludge and in- 
dicated by the nitrate content, is also important and may affect bulking 
by a shift in the flora, such as a decrease in numbers of sphaerotilus in 
well oxidized sludges and by oxidation-reduction phenomena. These 
generalizations are based on the facts that zoogleal organisms cannot 
be made to bulk under conditions which ordinarily induce bulking and 
that zoogleal organisms are strict aerobes while sphaerotilus is a 
facultative anaerobe. 

American Design and Practice.—Regester (185) has presented per- 
tinent data relating to the basic design and principal characteristics of 
thirty plants with large and medium capacities for comparative study. 
He included operation results for some of the plants. 

King (128) discussed the design of air distribution systems for ac- 
tivated sludge. He pointed out that the cost of providing compressed 
air for an activated sludge plant over a period of from two to five years 
usually exceeds the first cost of the entire air distribution system. 
From 10 to 35 per cent of the cost is caused by pressure losses in pipes 
and diffusers. These losses are reduced by increasing the sizes of air 
pipes and the number of diffuser plates. In Chicago, increasing the 
number of rows of plates made little difference in the efficiency of treat- 
ment but less air pressure was required. Although it is theoretically 
possible to design an air piping system to give equal pressure to all 
diffuser plates without throttling valves at the plate connections, ac- 
tually standard pipe sizes must be used and the throttling of valves at 
the plate connections is the most practical method. 

Howson (106) reported on the design of a plant under construction 
at Gary, Indiana where the air is to be distributed through stationary 
diffusion tubes, 3 in. in diameter and 24 in. long. The tubes, which 
have a permeability of 40, are staggered along the header so as to give 
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a spacing of 1 ft. 4 in. There will be 225 tubes placed 2 ft. above the 
bottom in each 300 ft. tank. The fixed tubes were selected instead of 
plates because of a saving in initial cost and some saving in annual 
cost, as a result of decreased head, and because of the advantage during 
periods when the tanks are out of service as will frequently be the case 
in Gary in the early years. 

A modification of the submerged contact aerator for small cities has 
been proposed by Hayes. According to Rainey (184) a plant consist- 
ing of two hopper-bottom aeration tanks in series has been in operation 
at Waco, Texas for five years. The first tank, divided into two equal 
parts by a submerged weir, contains vertical sheets of aluminum spaced 
2 in. apart, connecting the side walls and extending from 2 in. below 
the water surface almost to the bottom of the side walls. The second 
tank, which is also divided in two, is filled with 21% to 3 in. stone, sup- 
ported on a bottom grill of steel rails. A total of about 1 cu. ft. of air 
per gallon of sewage is supplied to the tanks through pipes in the 
bottom. It is claimed that the process requires one-half the space and 
power and costs two-thirds as much as activated sludge. This contact 
aerator, which is said to deliver an effluent as good as from, the activated 
sludge process, is especially recommended for milk, brewery and other 
trade wastes. 

The Sanitary District of Chicago (244) is approaching completion 
of the program to treat all the sewage in its territory by artificial proc- 
esses. The Southwest activated sludge plant, the world’s largest, 
which was designed for an average flow of 400 m.g.d. from a population 
of 1,227,000 and an industrial waste equivalent population of 1,185,000, 
was put into operation in July, 1939. 

New York City’s program for sewage treatment is gaining mo- 
mentum with completion of the Tallmans Island activated sludge plant 
(72), capacity 40 m.g.d., in April, 1939 and the opening of the Bowery 
Bay plant, capacity 40 m.g.d., for primary treatment, in October, 1939. 
It is expected that the activated sludge tanks will be in operation late 
in 1940. 

Foreign Practice-—The new sewage treatment plant for Delhi, India, 
described by Bromage (27) consists of preliminary sedimentation (1.5 
hr. detention) and activated sludge (12 hr. aeration). The aeration 
tanks are made up of 108 pockets each 30 ft. square and in the center 
of each pocket is an uptake tube of reinforced concrete. At the top of 
each tube is a paddle wheel on a vertical shaft, co-axial with the uptake 
tube. These paddles draw the contents of the pocket up the tube and 
throw them, in a finely divided state, over the surface of the tank liquor. 
Suitable baffle walls are provided to guide the sewage through a sinuous 
course and obtain maximum aeration. The aeration paddles are sus- 
pended from gear boxes mounted on concrete bridges and each is pro- 
vided with a clutch for throwing any paddle out of operation without 
disturbing the rest of the plant. At the outlet:end of the aeration tanks 
are adjustable weirs so that liquid level and cone submergence can be 


varied. 
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Rudolfs and Kessener (204) have reported on some of the new de- 
velopments in sewage treatment in Holland. The new type of Kessener 
aeration brush is made of a rustless steel axis and narrow thin blades 
which are caulked cold with a hammer in lead and placed in slots of the 
axis. The blades are very flexible, have a long life and can be replaced 
easily when necessary. At the Hilversum works, the activated sludge 
is returned by means of water wheels which allow any given amount of 
sludge to be returned by raising or lowering the depth ‘of sludge in the 
return sludge channel. 

The new Vught activated sludge plant with the cca surface 
aeration system is designed for an ultimate population of 25,000 and 
operates entirely automatically. One man visits the plant on Monday 
mornings to take meter readings, oil machinery and draw sludge from 
the digesters. 

A comparison was made at Stockport, England, between the Kes- 
sener brush system and Haworth paddle units under both summer and 
winter conditions. According to Ward (250), the Kessener units 
showed a saving of 33 per cent in power and delivered a better effluent 
than did the Haworth units. 


StupcE Digestion 


Relatively few articles pertaining to the digestion of sludge have 
appeared in the technical literature during the past year. Reports on 


research projects have been notably lacking. Most of these were con- 
cerned with the interesting possibilities of controlling and hastening 
digestion by means of prepared cultures, and with the effect of diges- 
tion on the production of fuel oil by the dry distillation of the residue. 

The trend of plant design and operation is still toward two-stage 
digestion with increasingly greater demands for power generation and 
the provision for adequate safety means in the gas collection and utiliza- 
tion system. 

Research.—Heukelekian and Heinemann (94, 95) have reported on 
a method of enumerating methane-producing bacteria in sludge under- 
going digestion. They indicate that the number of these bacteria is 
greatly affected by environmental factors, such as pH value, tempera- 
ture and the presence of certain organic compounds, and is indicative 
of the rate and course of digestion. The same authors (96, 97) stated 
that an enriched culture of these organisms may be prepared, which 
when added to raw sludge will greatly accelerate the rate of digestion. 
Whether such a procedure is economically feasible has not, however, 
been shown. 

Sibata (218, 219) in continuing his work on the distillation of sludge, 
reported yields of ‘‘fuel oil’’ in the distillate of raw primary, raw ac- 
tivated and digested activated sludges as approximately 12, 17.5 and 
10 to 15 per cent, respectively. In the case of the digested activated 
sludge, the yield decreased with increased periods of digestion. The 
same author (220, 221) stated that air dried primary sludge gave 8.5 
per cent crude oil and 5.8 per cent washed fuel oil. The latter yielded 
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about 23 per cent gasoline. In general, yields from activated sludge 
are greater than from primary sludge. As a short. period digestion 
(30 days) decreases the yields but little, digestion of sludge is preferred 
because of the supplementary gas obtained which may be used as fuel. 
This work is of interest because of the new field of investigation it 
presents. Whether.it would have commercial possibilities is question- 
able, at least at this time in the United States, because of high operating 
costs. 

Rudolfs and Gehm (201) have presented data on the chemical treat- 
ment of mesophilic and thermophilic digesters overflow liquor. Ferric 
chloride or lime treatment effected good clarification in each case. 
Chlorination was not effective on thermophilic tank liquor. 

Design.—Hodgson (103) presented in his valuable 534 page report 
on sewage and trade waste treatment, a comprehensive review of mod- 
ern digester design practice in the United States, Great Britain, Hol- 
land and Germany. This report is a veritable text book, not only on 
sludge digestion but on sewage treatment in all its phases. It is un- 
fortunate that because of its high cost its distribution has been limited. 
Greeley (75) discussed design practice as pertaining more particularly 
to the United States. Details of operating loads, inlet and outlet ar- 
rangements, ete. are briefly discussed. Escritt (59) gave methods of 
computing digester volume, heat requirements and sludge volume re- 
ductions. Fischer (61) suggested that pre-thickening of activated 
sludge either by the use of separate thickeners or the return of the 
waste sludge to the raw sewage reduces the digester volume require- 
ments. Thompson and Morrill (241) described in detail the new De- 
troit digesters where primary sludge solids loadings as high as 6.0 lb. 
per cu. ft. per mo. may be used. Howson (106) described the Gary two- 
stage digestion system for digesting mixed primary and activated 
sludge. 

Many artciles were presented on the aspects of gas collection and 
utilization in relation to digester design. Of these, the discussion by 
Wittwer (263) was outstanding because of its complete analysis in re- 
gard to gas storage, scrubbing, economics, etc. as applied to Rahway 
Valley, N. J., conditions. Suggestions for minimizing explosion haz- 
ards around digesters were presented by the N. J. Joint Committee 
(168) and also by Keefer (124), and by Klumpp (129). Although a 
number of these call for ‘‘horse-sense’’ on the part of the operator, such 
design points as adequate size of gas lines, proper interconnecting of 
gas holders with digesters, ete are interesting design points. 

The design of sludge tanks at Tallmans Island is described by Lieb- 
man and Fort (141). There are four digestion tanks with floating 
covers with a capacity of 2.43 cu. ft. per capita. Temperature will be 
maintained at 85° F. with circulating water obtained from waste engine 
jacket supplemented when necessary from boilers heated by sludge 
gas. Digested sludge will be barged to sea. 

The design features and four months of operation results for the 
new Hartford Metropolitan Plant are reported by Wurts (264). The 
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novel feature of the digestion tanks is the insulation. The tanks were 
built above ground and without an embankment. Aluminum foil was 
used as insulating material. The reduction of volatile matter during 
a 30-day digestion period was 70 per cent with a gas yield of 0.54 eu. ft. 
per capita per day. 

A gas production of 1.4 cu. ft. per cap. per day was reported at 
Battle Creek (10) with 65 per cent methane. Only half of the gas is 
used for running gas engines and heating the boiler, the rest being 
wasted. The value of the gas in terms of electrical energy is given. 

Lansing (8) is digesting primary and activated sludge and garbage 
in four digesters with fixed covers. A De Laval centrifuge is installed 
for the purpose of concentrating activated sludge prior to digestion. 
Garbage delivered at the plant will be ground in hammer mill grinders 
and delivered directly to the digesters with a moisture content of 75 
per cent. The gas will be used to drive gas engines for compressing 
air and gas-engine cooling water will be circulated through digesters. 

Taylor (240) describes the operation of combined sewage treatment 
and refuse incineration plant at Herkemer, N. Y. Sludge gas is used 
as auxiliary fuel in the incinerator. Water coils in the furnace and 
combustion chamber absorb the heat from the gases of combustion. 
The hot water thus obtained is used to heat the building and the diges- 
tion tanks. 

Operation.—Sperry (230, 231) emphasized the need of introducing 
a concentrated raw sludge into digesters to secure good operation 
where two-stage digestion is employed. This applies to single-stage 
as well as multi-stage operation. The work at Aurora aptly illustrates 
that operating errors may occur even where close supervision is main- 
tained. It also shows that an intelligent review of complete plant 
records aids greatly in overcoming operating difficulties. Riley (191) 
reported extreme fluctuations in digester gas as metered from 400 to 
23,000 cu. ft. per day, the low figures being probably due to numerous 
leaks in the collection system. The need is emphasized for carrying 
the gas lines to the point of gas utilization through a gallery rather 
than burying the lines in the ground. 

Patents——Earp-Thomas (50) has a British patent for a multiple- 
hearth type digester for the aerobic digestion of organic material, such 
as raw sludge filter cake. The claims are limited to specific construc- 
tion details. Roeder (193) also described an apparatus and a process 
for stabilizing sludge aerobically. Stabilized (digested) end product 
may be recycled to the raw sewage. 

Plant Records.—Complete records were being kept in the form of 
monthly or annual reports by an increasingly large number of plants. 
Unfortunately, because of expense, these reports were not made gen- 
erally available. It would be of immense value to designing engineers 
and plant operators if more of these reports were published at least in 
summary form, such as was done in the case of the report of Danbury 
by Kunsch (137), of Champaign-Urbana by Erickson (58) and of Buf- 
falo by Velzy (249). 
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Typical among the plants that have compiled monthly or annual 
reports during the past year in which considerable digester data are 
tabulated, were—Aurora, Battle Creek, Buffalo, Cedar Rapids, Denver, 
DeKalb, Ft. Worth, Galesburg, Grand Rapids, Green Bay, Greensboro, 
Iowa City, Jackson, Lansing, Lima, Mansfield, North Toronto, Peoria, 
Phoenix, San Antonio, Sheboygan, Sioux Falls, Washington, Winnipeg 
and Ypsilanti. 

Need for Further Study—F uture work on the stimulation of an- 
aerobic digestion by means of additions of cultures should be of interest 
and of commercial importance if the digestion time can be reduced to 
say two to five days. Aerobic digestion studies on both settled sludge 
and on partially dewatered material, such as filter cake, also offer a 
field for continued research. 

Published information is still needed on rational methods of com- 
puting digester volume requirements for various types of sludges, heat 
losses from digesters, proper gas storage requirements, ete. Differ- 
ences in digested sludge solids concentrations and in overflow liquor 
solids, occurring at different plants having about the same raw volatile 
matter contents, have not yet been fully explained. Such questions may 
be answered only by the maintenance of complete digester plant records 
and by making these records available so that they may be compared 
and studied in detail. 


Stupce Disposau 


In the 1939 inventory of the nation’s sewage facilities, Engineering 
News-Record (13) reports that 3,170 sewage plants out of 4,667 em- 
ploy sand beds for air-drying sludge. Of these plants, 223 used cov- 
ered beds. Mechanical dewatering shows a gain from 19 installations 
to 61 in three years, with an increase from 6 incineration installations 
in 1935 to 29 in 1939. 

Centrifuges are still undergoing development. Hardenbergh (84) 
reports though some installations have been made, this method of 
sludge dewatering does not, as yet, seem to be fully accepted by engi- 
neers. Fischer (61) states that dewatering of activated sludge by 
centrifuges must still be regarded as in the experimental stage. 

Sludge Drying Beds.—In the annual report of the City of Johan- 
nesburg, Loffell (148) gives some valuable experimental results on the 
factors that affect the drying of sludge on sludge-drying beds. It is 
pointed out that first, the surface sand should be very coarse and clean. 
The depth is immaterial. Second, the surrounding walls should be as 
low as possible offering minimum deflection of wind. Third, the bed 
should be in an exposed place. The best depth of wet sludge is, in gen- 
eral, six inches. The sludge will be dry enough to remove from the 
bed when the moisture content has been reduced to 70 to 75 per cent. 
The effect of rain is not so considerable as generally supposed, if there 
are dry days immediately following it. The effect of rain varies ac- 
cording to the length of time that the sludge has been on the bed be- 
fore the rain, having the maximum retarding action when the sludge 
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is cracking but is still inclined to be sloppy. About 60 per cent of the 
water drains away in 20 hours. Evaporation increases gradually but 
its rate of increase diminishes with time. If drainage were prevented, 
it required 8 to 9 days under the sun to remove the same amount of 
water as by drainage in one day 

At the Rahway Valley plant, Wittwer (262) believes there is little 
difference in drying efficiency of the open and covered beds. In the 
summer, the open beds are better, while the balance may slightly- favor 
the covered beds during the fall months. In winter, freezing is de- 
pended upon for cake removal from both the open and covered beds. 

Hardenberg (84) states at one plant steam will be used for hasten- 
ing sludge drying on covered beds. 

Sludge as Fertilizer —Of 220 activated sludge plants in the coun- 
try, digestion is omitted in only 16 plants (61). Thus much of the 
extra fertilizing value of raw activated sludge is lost. Van Kleeck in 
a series on vacuum filtration (246) reports fewer bacteria in sludge 
cake conditioned with lime than are present in air-dried sludges. 

Niles (171) draws sludge intended for fertilizer 8 ft. above the low- 
est level in digestion tanks, to obtain material higher in organic mat- 
ter and lower in ash. This level also is higher in nitrogen and no erit 
is present. The sludge is ground, put in paper bags holding 811 lbs. 
gross, and sold by the city at an up-town warehouse under the catch- 
name, ‘‘Tol-e-Gro.’’ Proper preparation of the sludge and advertis- 
ing were found to pay. 

Allen (2) reporting on the Pasadena Tri-City sewage treatment 
plant gives the net cost of sludge disposal for 1937-38 as $14,000 when 
raw activated sludge was dewatered by vacuum filters, dried, pulver- 
ized, screened and bagged. <A revenue of $63,000 was obtained with 
a production cost of $77,000. By comparison, in 1926-27, when filtered 
raw sludge was buried, the net cost of sludge disposal was $54,300. 

Barging to Sea.—This means of disposal was instituted at the large 
Wards Island plant (46) and the Tallmans Island plant (73) in New 
York. Donaldson (46) states that Wards Island is using three sludge 
vessels, each having a capacity of 55,000 cubic feet. Three daily trips 
are made, and raw activated sludge is dumped 34 miles by water from 
the plant. Odor control is unique. A forced air draft is used in the 
sludge storage building, this air being drawn through canisters of 
activated carbon, then dosed with ozone before roof discharge. At 
Tallmans Island digested activated sludge is barged. 

Vacuum Filtration and Incineration.—Johnson (120) Van Kleeck 
(246) and Vail (245) contributed articles during the past year on the 
mechanics of vacuum filtration. Johnson quoting experiences of the 
Sanitary District of Chicago with raw activated sludge states that the 
main factor contributing to maintenance costs is the cloth. The most 
successful cloth at Chicago has been a virgin wool twill weave, weigh- 
ing 12 oz. per sq. yd., woven in one piece without seams, and with a nap 
on one face. At the Calumet Works from 1,000 to 1,500 hours of filter 
run has been obtained without renewing cloths. The control of the 
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ferric chloride dose has been based until recently on pH readings man- 
ually determined. A recorder was purchased a short time ago and 
savings in chemical are anticipated (19). 

Van Kleeck (246) described vacuum filter operation in detail, in- 

cluding a discussion on care of cloths, laboratory control, sludge 
conditioning, design of filter lay-outs, and presented comparative argu- 
ments for filtration of raw and digested primary sludges. Formalde- 
hyde or copper sulphate solutions were suggested for prevention of 
cloth mildew. A titration method for determining ferric chloride so- 
lution strengths is given. The Buchner funnel and pH tests as a con- 
trol of sludge conditioning are discussed and recommended. He be- 
lieves digested sludge filtration is the better set-up for medium-sized 
nlants. 
At New Brunswick, Vail (245) found that when ferric chloride is 
used alone for conditioning digested sludge, considerable foaming oc- 
curred. When lime was also used, foaming was controlled and the 
ferric chloride dose reduced from 5 per cent (dry solids basis) to 0.4 
per cent. The lime also caused a further decrease in cake moisture. 

Governing principles of flash-drying and incineration were ably 
presented by Smith (227) and Reybold (188). At Chicago (7) steam 
will be generated in connection with sludge incineration for driving 
turbine equipment. This system has resulted in a saving of nearly 50 
per cent in the first cost of the Southwest activated sludge plant and 
the operating costs’ are expected to be about a quarter of a million dol- 
lars less per year with this method of sludge disposal. Tenafly, N. J. 
(227), has installed a lay-out utilizing heat from a refuse incinerator 
for flash-drying raw activated sludge. Plans include the burning of 
the dried sludge in the refuse incinerator or its use as fertilizer. 

Detroit’s answer to a 30-year pollution problem (241, 198) includes 
four multiple hearth incinerators, each having a capacity of 300 tons 
of wet cake per day. A filter drum area of 8,000 sq. ft. will be pro- 
vided for furnishing sludge cake to the furnaces. 

Schroepfer (214) in describing raw primary sludge disposal at 
Minneapolis-Saint Paul points out: (1) Proper mixing and agitation 
of conditioned sludge prior to filtration is of utmost importance, espe- 
cially with heavy sludge. (2) The quantity of chemicals required for 
sludge conditioning is less with heavy sludge. (3) Holding raw 
sludge for seven days did not increase the chemicals required for con- 
ditioning or appreciably affect the filtering rate, but odors were more 
pronounced. (4) Plans are under way for the continuous control of 
sludge filtration by the filter operators themselves by means of Buch- 
ner funnels. (5) Chemical costs for sludge conditioning -have been 
reduced $100 per day since the plant started in operation. This re- 
duction was accomplished by various means. (6) Using ferric chlo- 
ride without lime for sludge conditioning was not economical. (7) It 
is cheaper to use less chemical and have a lower filter rate. (8) A re- 
duced lime dosage has materially increased the filter cloth life. (9) 
Raw sludge storage facilities are very desirable. 
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Velzy (248) has recently described filtration and incineration at 
Buffalo with digested primary sludge. The sludge tanks, he states, 
have been a definite asset. The tanks provide a flexibility and smooth- 
ness in operation which could not otherwise be obtained. The gas pro- 
duced.has real value as fuel for heat and auxiliary fuel for incinera- 
tion. He suggests the use of a sludge cake surge bin and feeder to 
even out variations in filter yields. Furnace operation is thus 
simplified. 

W. H. Dundas (48), engineer of mechanical design, Sanitary Dis- 
trict of Chicago, has presented data for consideration in the incinera- 
tion of sludge and screenings. Data are included on the operation of 
the Calumet and Southwest disposal plants of the city of Chicago. 

Mohlman (157) commenting editorially on the above articles points 
out that differences in filtrability of the sludges are not so much due 
to mechanical equipment as to type of sludge. Activated sludge filter 
cake contains nearly three times as much water per unit of solids as 
raw or digested primary sludge cakes. Comparative tables in the edi- 
torial of the sludges at Minneapolis, Buffalo and Chicago are of interest. 

Centrifuging.—The concentrating of activated sludge is important 
in facilitating its disposal. Kraus and Longley (135) reported on the 
operation of a continuous vertical shaft centrifuge, 18 in. in diameter, 
driven by a 10 hp. motor at about 6,000 r.p.m. It was possible to in- 
crease the concentration of solids from 1 to 5 per cent. The return 
to the aeration tanks of the centrifuge effluent, which contained about 
2,500 p.p.m. of suspended solids, did not greatly affect the operation 
of the activated sludge plant or seriously interfere with centrifuge 
operation but it did increase the sludge index. Assuming an initial 
activated sludge concentration of 1.0 per cent solids, the maximum 
rate of feed to obtain reasonable concentration of solids and fair clari- 
fication was 1,800 gallons per hour. Sludges with more than 1.0 per 
cent solids must be fed at a slower rate and thinner sludges can be fed 
at-a higher rate but not inversely proportional to the solids content. 
The average power consumption was 9.3 kw. and the total cost of con- 
centrating sludge from one to five per cent was $5.79 per ton of dry 
solids. They state that the gritty substances in primary sludge and 
in digested primary and activated sludge interfere with satisfactory 
operation of a centrifuge. 

Promising results were obtained with a centrifuge at Manchester, 
England (148) where sludges were concentrated to 5.3 per cent solids. 
However, it was believed that a sludge with 3.5 per cent solids was 
most desirable, as a considerable reduction in volume was obtained and 
the resulting sludge was not too viscous to pump. Slowly rotating 
vertical screens seldom concentrated sludge to 2.0 per cent solids. 

Sludge Elutriation—Keefer (123) in an article describing the 
$2,000,000 improvements at Baltimore Back River Works states that 
wash water for elutriation of digested sludge will be obtained from the 
trickling filter effluent. Chlorinated copperas will probably be used 
as a sludge coagulant. 
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Wurts (264) described sludge elutriation for the new Hartford 
Metropolitan plant, this being the second largest plant in the United 
States to begin operation with the process. 

Comparative filtration tests with elutriated and unelutriated di- 
gested solids were presented by McNamee (153) with an interesting 
discussion by Genter. McNamee attributes the success of elutriation 
largely to the removal it affords of the ammonium bicarbonate from 
the sludge mixture. Counter-current washing with 2% volumes of 
water to 1.0 of sludge permits digested sludge filtration at Washington 
with one-third the amount of ferric chloride that would otherwise be 
required. McNamee finds that the alkalinity test is a convenient meas- 
ure of the degree and completeness of a sludge elutriation. 

Genter in the discussion holds that the paper’s conclusions should 
satisfy those who maintain it has not been shown that the soluble de- 
composition products, produced during digestion, are largely respon- 
sible for the resistance of sludge to coagulation. About 90 per cent 
of the ammoniacal bicarbonate solute can be removed by elutriation. 

Sludge Dewatering by Freezing.—Downes (47) has called attention 
to the well-known fact that sludge after freezing dewaters very read- 
ily on thawing. The probable reason, he states, is a breaking up of 
the cellular structure. He believes power for practical refrigeration 
of the sludge can be produced from the sludge gas and a full-sized unit 
is proposed in the near future at the Joint Sewage Treatment Works 
of Plainfield, Dunellin and Bound Brook, N. J. 

Miscellaneous.—A. novel plant at River Falls, Wisconsin, is de- 
scribed by Halvorson and Smith (81). One thousand gallons of 3 per 
cent solids raw sludge obtained daily from a connected population of 
3,000 is conditioned with ferric chloride and copper sulphate in a light- 
ning mixer, producing 1,500 to 1,800 pounds of 80 to 85 per cent mois- 
ture sludge cake after 6 hours drying in a housed sand bed. The cake 
pulverizes easily, the bacterial content is markedly reduced, it contains 
3% to 4 per cent nitrogen (dry basis) and is used as a fertilizer. It is 
stated that the plant operates without flies or odor. 

Lloyd and Stehli (142) have patented a method of sludge treatment 
whereby the wet masses are divided into fragments coated with a dry 
powdered material and drying gases at a temperature not above 107° 
C. are passed through air passages left in a layer of the fragments 
until dry. The sludge is then ground and burned. The gases are used 
for drying and the ash for coating the wet sludge. The usual method 
is to use dried and powdered sludge particles for coating. 


CHLORINATION 


Many applications of chlorine in sewage treatment practice reported 
during the past year, are of special significance and importance. As 
the capacities and uses of chlorine installations are increased, however, 
the lack of fundamental research in the field of chlorination becomes 
more marked. 
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A paper by Beyer (22) provides a new group of basic chlorine re- 
actions according to the purpose for which chlorine is applied in sewage 
treatment. The development of automatic equipment, utilizing two 
electrodes for control of the chlorine dose by potential measurements, 
has been described by Schmelkes (213). This equipment is expected 
to provide a method of regulating chlorine application in accordance 
with the demand of the sewage, either for partial or complete satisfac- 
tion of the demand. 

Franklin (64) reports in detail on successful plant-scale use of 
chlorine for the cleaning of diffuser plates in the aeration tanks of an 
activated sludge plant. Intermittent application of chlorine gas to the 
compressed air line supplying one unit, to a total of 150 pounds of 
chlorine, was made by means of a direct feed W & T chlorinator. The 
increase in air delivery which followed such treatment is reported as 
66 per cent with one blower in service and 53 per cent with two blowers 
in service. Data on air delivery six months later showed results to be 
practically as good as at the conclusion of treatment, and no detrimental 
effects from the application of chlorine were observed. This treatment 
was repeated with another unit. The author claims more effective and 
economical cleaning of clogged diffuser plates by this method. 

Chlorine for Disinfection.—The importance of chlorine in disinfec- 
tion of sewage is indicated by the predominance of installations for this 
purpose. Symons (238) has reported no further laboratory studies at 
Buffalo, but does note that the average use of some 4,880 pounds of 
chlorine per day, while somewhat below the estimated requirements, 
has consistently produced an average kill of almost 99 per cent of B. 
coli organisms. At the Niagara Falls plant, chlorine may be applied 
as pre-, split-, and post-chlorine doses according to a description by 
Rudolfs (200). 

The new Detroit plant has as one of its prime purposes removal of 
pathogenic bacteria. Morrill (164) describes the chlorination facilities 
which permit application either before or after settling. It is believed, 
on the basis of preliminary studies, that a minimum of 8 to 10 tons of 
chlorine per day will constitute a yearly average for 1940. The details 
of elaborate precautions taken to facilitate safe handling and of pre- 
cautions against chlorine accidents are of unusual interest in this plant. 
A W. & T. chlorinator installation of 27 tons per day capacity makes 
this the largest chlorinating plant for either water or sewage treatment 
in the world. 

Chlorination is included in several of the plants under construction 
in the New York City system. The consultants Greeley, Marston, and 
Phelps (74) have reported upon tentative plans which include a more 
complete degree of treatment for sewage discharged into receiving 
waters designated as class ‘‘A,’’ and chlorination is approved for all 
sewage discharging adjacent to waters used or to be suitable for bath- 
ing. The Bowery Bay plant is to provide short-period activated sludge 
treatment and chlorination; the 26th Ward plant, will be similar. The 
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Owl’s Head plant will be of the chemical treatment type and will also 
include chlorination. 

Elimination of possible bathing beach pollution séems to be the rea- 
son for summer chlorination at many plants. At the Richmond-Sunset 
plant in San Francisco, Casey (34) describes the provision of pre- 
chlorination facilities at all times and use of post-chlorination in addi- 
tion during the bathing season. The plant at Virginia Beach, Va., in- 
cludes both chemical treatment and trickling filters, with chlorination to 
protect bathing beaches and shellfish areas, as noted by Johnson (119). 
Chlorine is applied during five summer months at the Rahway Valley 
Sewage Treatment Plant for both odor control and final disinfection. 
Wittwer (262) reports that a dosage of 10 p.p.m. gives a chlorine resi- 
dual in the effluent at all times despite a relatively long contact period 
in the settling tanks. The chlorine demand appears to bear a definite 
relation to the concentration of suspended solids in the sewage. 
Settled sewage is used to operate the chlorinators in this plant. <Ac- 
cording to Swope (237) the plant at Waukegan, IIl., uses chemical pre- 
cipitation and chlorine in summer months. 

Chlorine for Control of Odors and Hydrogen Sulfide——In certain 
sections of the country, the production of iron chloride from chlorine 
and serap iron has proved the logical answer to a need for iron com- 
pounds. An-improved Universal type of the Scott-Darcey equipment 
has been developed by Wallace and Tiernan and an installation at 
Bakersfield, Cal., described by Halfelder (79), is of interest. A variety 
of purposes may be served—chlorine may be fed for odor control, dis- 
infection, or conditioning of supernatant liquor from the digestion tank; 
ferrous chloride may be generated and applied to control hydrogen 
sulfide and retard septic action in the sewer; ferric chloride may be 
produced and used as a sewage coagulant. Gregory (76) notes the 
advantageous use of similar equipment at Covina, Cal., where proximity 
of the sewage treatment plant to dwellings, and re-use of the effluent for 
irrigation, makes odor control and disinfection imperative. 

Data on odor control at twenty-five sewage treatment plants have 
been reported ina symposium (11). Thirteen of the plants use chlorine 
for this purpose, with a pre-chlorination dose of 4 to 16 p.p.m. Aside 
from reducing or eliminating odors, the application of chlorine appears 
to have some secondary benefits. Among those mentioned are: general 
improvement in plant operation, better condition of the sewage, im- 
proved sedimentation, and reduction in algae growths. 

Chlorine for Grease Removal.—The plant installed to use the so- 
called aero-chlorination method for increasing removal of grease from 
sewage at the Cleveland, Ohio, Westerly plant was placed in service 
in 1939, but no operating data are yet available. Limited results using 
this process at Bellefontaine, Ohio, are reported by Browne (28). At 
this new plant aero-chlorination precedes settling and treatment of sew- 
age on trickling filters. Removal of a large percentage of the grease 
and other advantages of this process are described. 
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The trickling filter process has also been selected at Dallas, Texas, 
and pre-treatment will include (4) pre-aeration, and aero-chlorination 
for grease removal in a wholly enclosed and force draft ventilated 
building. Odors liberated will be removed from the evacuated air in 
a spray tower. At Boston, Mass., serious pollution of the harbor re- 
sults from present discharge of over 250 m.g. of raw sewage per day. 
The grease content causes widespread areas of sleek, the accumulation 
of grease balls on beaches, and necessitates the closing of bathing areas. 
The proposed (187) method of sewage treatment comprises aero- 
chlorination for grease removal, sedimentation, sludge storage tanks, 
and final disinfection during the bathing season. 

Chlorine in Activated Sludge.—It is reported (5) that the use of 
chlorine, applied to return sludge at the Houston, Texas, activated 
sludge plant continues successful after use for several years. The 
treatment is economical and permits higher continuous loadings of 
units. At the Tallmans Island plant of New York City, Liebman and 
Fort (141) describe the provision of thickening tanks for activated 
sludge. 

In order to prevent bulking of sludge during its detention in the 
tanks, chlorinators have been provided to treat the supernatant liquor. 
No operating data are yet available. 

At the Chicago Southwest plant, Trinkaus (244) reports that chlo- 
rinated activated sludge effluent is used for condenser cooling in the 
power plant. Nitrites are at times as high as 6.5 p.pm.—thus increas- 
ing the chlorine demand. A daily consumption of 5400 pounds chlorine 
has been reached, to produce a residual of 0.35 to 0.5 p.p.m. 

Other Chlorine Uses.—Reports continue to appear in the literature 
describing the advantages of chlorinating sewage ahead of its applica- 
tion to trickling filters. At Danbury, Conn., Kunsch (137) points out 
that the use of 42 lb. of chlorine per m.g. eliminates all carrying odors 
from the filters and destroys fungus growths both in the pipe lines and 
in the filter beds. 

At Austin, Minn., heavy chlorination of packinghouse wastes has 
been effective for several years in removing a considerable amount of 
dissolved proteins and suspended matter. Hansen (83) reports the 
reduction accomplished in B.O.D. to be from 2000 p.p.m. down to 600 
to 800 p.p.m. Suspended matter is reduced from 1900 to about 200 
p-p.m. This same treatment process is recommended by Eldridge (56) 
for small meat packing plants as more positive of results than bio- 
logical processes. 


MecHanicaL DEVELOPMENTS 


Outstanding in this field is the completion or near completion during 
1939 of several large, completely mechanized plants using and com- 
bining fairly new methods with older ones adapted from other fields. 

The new Chicago Southwest Plant (244) includes not only the rela- 
tively new method of flash drying of sludge but combines it with modern 
high pressure steam power plant practice, utilizing powdered coal and 
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the heat from dried pulverized sludge burned in a similar manner. 
The steam at 425 pounds pressure and 735 deg. F., temperature drives 
steam turbines direct connected to sewage pumps. The activated 
sludge plant effluent is used for condenser cooling water intermittently 
chlorinated to prevent slime formation. 

Steam power was selected as more economical than purchased elec- 
trical energy for all main power loads. 

Such a completely mechanized plant requires carefully planned, 
well organized, mechanical supervision by trained men. Such organi- 
zation and training is described by Hageman (78). 

Reybold (188) Smith (226) and Dundas (48) have thoroughly dis- 
cussed the history, theory and description, with diagrams and tables, 
of the flash method of sludge drying. The procedure yields a product 
suitable either for use as a fertilizer or as a fuel for incineration to 
furnish heat for the drying. 

The Detroit, Mich., sewage treatment plant (241) although furnish- 
ing only primary treatment, is another example of complete mechaniza- 
tion. Raw sludge is to be removed continuously from the sedimentation 
tanks, that from one tank going through a steam preheater to a floating 
cover digestion tank designed for 300,000 persons, the remainder going 
to vacuum filters. Sludge cake with screenings and grit is mechanically 
conveyed to four multiple hearth incinerators each having 12 hearths. 
The control of the conveying equipment is interlocking so that stoppage 
of one conveyor will automatically: stop any others feeding it. Aux- 
iliary equipment for the incinerators (198) consist of preheaters, cool- 
ing air fans, hot air fans, hot gas fans, and fuel oil burners. Each 
incinerator has a capacity of 300 tons of wet sewage solids per day at 
70 per cent moisture. Ash from the incinerators is to be flushed to a 
lagoon by a 90 hp., 900 g.p.m. pump at 185 ft. head. Rudd estimates a 
consumption of 1,500 gallons of fuel oil to start one incinerator when 
cold to a point of sustained combustion. 

Gas from digestion of 44 of the total sludge production is to be 
utilized in combined heavy fuel oil-gas burning boilers for producing 
steam at 140 Ib. pressure, and in a 364 hp. 6-cylinder, 4-cycle engine 
direct connected to a 240 kw. generator. 

Steam from the water tube boilers will run a vertical, non-condens- 
ing steam engine driving a 200 kw. generator. Exhaust steam and hot 
water recovered from the gas engine are for heating purposes. 

Tallmans Island Plant in New York (52, 72) is notable for its in- 
stallation of 3,500 hp. in gas engines. Digestion of raw and activated 
sludge is expected to furnish a large proportion of the gas, with the 
deficiency taken from the city gas mains. Control is by pressure regu- ° 
lation. 

Liebman and Fort (141) state that the selection of the type of heavy 
duty, slow speed, multiple cylinder four-cycle engine was based on suc- 
cessful experience with similar engines at Coney Island. 

The installation consists of two 800 hp. engines direct connected to 
20,000 ¢.f.m. positive displacement blowers; two 450 hp. engines driving 
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10,000 ¢.f.m. blowers; two 350 hp. engines direct connected through 
right-angle gears to 35 m.g.d. pumps at 39 ft. head and two 150 hp. en- 
gines driving 15 m.g.d. pumps. 

Varying the speed of the engines gives pumping capacities from 50 
to 110 per cent of the rating and blower capacity from 33 to 110 per 
cent of rating 

Other interesting mechanical features of this plant are cone check 
valves on the sewage pumps and extensive metering of sewage, sludge 
and air with both indicating and recording mechanisms which-.were a 
separate study in themselves. 

Mitchell (154) describes a mechanized small plant for 3,800 persons 
at Paola, Kans., built at a cost of $66,000. The mechanical features 
are a mechanically cleaned screen, screenings grinder, sewage pumps, 
circular mechanically cleaned clarifier, plunger type sludge pump on 
time clock operation, mechanically stirred digestion tank from which 
the gas is burned in a boiler to heat the digestion tank and control house. 

West (254) advises selection based on flexibility and dependability 
particularly in engines under 125 hp. Large starting torque in some 
motors lasting only a few seconds requires 25 per cent more available 
engine power than is required with direct drive. 

Peoria, Ill. (144), installed two gas engines in 1936, one 535 hp. di- 
rectly connected to an existing blower and one 300 hp. driving a 285 kw. 
generator. The installation includes a gas purifier which removes 105 
grains of H.S per 100 eu. ft., or 91 per cent, for 1.5¢. per 1,000 cu. ft. 
A record of 19 months operation of these engines indicates an annual 
saving of $31,000 or complete payment of project in five years. The 
Peoria engines are on a regular maintenance schedule (134) which in- 
cludes valve grinding, clearance adjustments, measurements for wear, 
inspection of gaskets, ignition system and oil system. 

Greene Bay, Wis. (149), with two engines of 90 hp. and 120 hp. 
directly connected to generators, earned a net profit of $1,111.15 on a 
total investment of $72,681.72 in 10 months. Gas consumption was 26.2 
to 27.5 cu. ft. per kwh. produced. 

A detailed study of existing engine installations with the data ap- 
plied to the situation at Rahway, N. J. (263), indicated that a two en- 
gine installation for approximately $40,000 would produce an annual 
saving of $2,200. This study indicated the desirability of a gas holder 
for overcoming sags in gas production. It also indicated the advisa- 
bility of scrubbing gas which contains over 50 grains of H.S per 100 
cu. ft. to remove this impurity. 

At Chicago Heights (16), Ill., serious difficulties were encountered 
‘with clogged piston rings, crankcase sludge, sticking valves and clog- 
ging of small brass and copper lines due to sulfides in sludge gas. The 
difficulty was overcome by making and installing three two-stage puri- 
fiers containing iron sponge (wood shavings and iron oxide) with 
piping arranged for several combinations of the units. One bushel of 
iron sponge containing 9 pounds Fe.O, will remove 60,000 grains H.S. 
One bushel of sponge occupies 1.25 cu. ft. 





Vol. 12, No. 2 RESEARCH IN SEWAGE CHEMISTRY 227 


The cost of operation was 1.5c. per 1,000 cu. ft. of gas containing 
100 grains H.S, not including labor of replacement. The spent sponge 
may be rejuvenated and reused two or three times by removing and 
exposing to the air but care must be exercised to wet the material be- 
fore removal to prevent spontaneous combustion. 

At Bedford, Ohio (145), a gas boiler was installed with oil burner 
and gas burner on opposite ends automatically controlled to start the 
oil burner on gas failure. Soot from the oil burner clogged the ports 
of the gas burner, after which both burners were installed at one end. 
Operating experience even then indicated the desirability of separate 
boilers for gas and oil. 

At Greenwich, Conn. (77), gas and coal in one boiler proved difficult 
to control, draft conditions were different for the two fuels and on 
several occasions minor explosions of unburned gas ignited by coals 
blew open the boiler doors. Studies indicated danger in trying to in- 
stall an oil burner in the same boiler but indicated that. manufactured 
gas could be automatically controlled by pressure regulators to make 
up any deficiency in sludge gas and burned in the same burner, subject 
to the same safety and limit controls. The first installation was so 
satisfactory that it was repeated with minor changes in a larger plant 
being revised. Although for equivalent heat value the manufactured 
gas costs slightly more than oil, about ten years will be required to 
overcome the difference in cost of installation. These installations 
were for industrial type burners and water-tube: boilers but further 
investigation indicates that the same system can be used on regular gas 
boilers provided a ribbon type burner is substituted for the usual 
raised port burner. 

It is reported (6) that in England sludge gas from the Mogden plant 
is to be compressed into cylinders for use on motor vehicles. It is esti- 
mated that 150,000 cu. ft. of 70 per cent methane gas is equivalent to 
700 gallons of petrol (gasoline) per day. The same article also reports 
that in 1938 approximately one million cu. ft. of purified sludge gas 
was employed in motor vehicles in Germany. 


INDUSTRIAL WASTES 


The literature of the past year contains a large number of excellent 
surveys of industrial waste treatment which can be given only brief 
mention. Papers of this type given at the Industrial Waste Sym- 
posium of the American Chemical Society at Boston in September in- 
clude those of Weston (256) on stream pollution by industrial wastes, 
Tobey (242) on legal aspects of industrial waste problems, and Howe 
and Van Antwerpen (105) on the recovery of valuable materials from 
industrial wastes. Developments in equipment for the treatment of 
industrial wastes were described by Knowles (132). 

The use of biological processes for treating organic wastes was 
discussed by Buswell (30). Comparing anaerobic and aerobic biolog- 
ical methods, he found the former, combined with final aerobic stabi- 
lization if necessary, to be cheaper for most wastes containing over 
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one per cent of organic solids. A special tank was devised for the 
digestion of coarse materials. Buswell and Hatfield (31) have also 
issued a bulletin describing ten years’ study of the anaerobic fermen- 
tation of wastes. Other papers given at the American Chemical So- 
ciety symposium are treated under their specific headings. 

A survey of the Chicago Sanitary District, described by Mohlman 
(156) showed the industrial wastes to be equivalent to the sewage of 
2.32 million persons. Methods of assessing cost of industrial waste 
treatment are discussed in the paper. 

The bulletin issued by Eldridge (54) contains comprehensive data 
for the design of plants for treating various industrial wastes. It is 
based principally upon work of the Michigan Engineering Experiment 
Station, previously reported in these summaries. 

Beet Sugar Wastes.—Devos (41) described the recovery of sugar 
from pulp and press waters by treatment with lime (400 to 800 p.p.m) 
followed by filtration and re-use of the water. 

Brewery, Distillery and Yeast Plant Wastes.—Boruff (26) has de- 
scribed the methods in use for the disposal of wastes from the fermen- 
tation industries. Use of these wastes as a source of vitamins, gly- 
cerol, and other specialty products is being investigated. 

During operation of a pilot plant at the Gulf Brewing Company, 
Bushee (29) found the average quantity of waste produced to be 350 
gallons per barrel of beer, containing 1.1 Ib. suspended solids and 2.4 
Ib. B.O.D. The treatment adopted on the basis of the pilot plant work 
consisted of two-stage sedimentation, trickling filters 6.5 ft. deep, dosed 
at a maximum rate of 12.8 Ib. 24 hr. B.O.D. per 1,000 eu. ft., final sedi- 
mentation and, if necessary, chlorination of effluent. Sludge, amount- 
ing to 12,200 gal. per million gal. of waste, is to be digested and de- 
watered on sand beds. Mohlman’s (155) investigation of Chicago 
brewery wastes showed the quantity of waste to be 320 gallons per 
barrel of beer, containing 1.7 lb. of suspended solids and 3.1 lb. of 
B.O.D. Stecher’s (234) study of Munich brewery wastes showed a 
volume of waste averaging 1,030 gallons per barrel of beer and contain- 
ing 2.2 lb. of suspended solids and 4.5 lb. of B.O.D. 

Zimmerman and Greene (7, 266) advocate disposal of brewery and 
distillery wastes by fermentation at 55 to 65° C. by Cellulomonas ther- 
mophilus, and sedimentation of the fermented wastes. 

Cannery Waste.—F urther experiments by Eldridge (55) on screened 
beet waste resulted in the adoption of coagulation by lime alone, at the 
rate of 9 lb. per 1,000 gal. Sludge volume was 30 per cent of waste, 
the sludge drying in 4 days at a 7-inch depth. Tomato waste, treated 
with 800 to 1,000 p.p.m. of lime, both by fill-and-draw and continuous 
flow processes, gave a final B.O.D. of about 1,000 p.p.m., and sludge 
volumes of 22.5 per cent for fill-and-draw, and 13.4 per cent for con- 
tinuous operation. Squash wastes did not respond to chemical pre- 
cipitation; the concentrated waste from skinning and seed-removing 
operations was dried directly on sand beds; the remaining weak wastes 
were merely screened. 
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Work on screened cannery wastes in Wisconsin, reported by War- 
rick (251) comprised studies on chemical precipitation and treatment 
by a recirculating filter providing six passages of the waste at 20 
m.g.a.d. Beet canning waste gave an oxygen demand reduction of 59 
per cent when treated with lime and ferrous sulfate, and 85 per cent 
with lime and zine chloride. The trickling filter, followed by sedimen- 
tation, gave 60 to 75 per cent B.O.D. reduction. Corn waste, treated 
by lime and ferrous sulfate, the latter in several steps, lost 60 per cent 
of its B.O.D., giving a water-white effluent. Treatment on the trick- 
ling filter, with no final settling, provided a B.O.D. reduction of 70 per 
cent. Lime and alum gave the best results with tomato waste, and 
trickling filter treatment without final sedimentation reduced the 
B.O.D. by 65 per cent. Carrot waste responded to lime alone, or lime 
and ferrous sulfate, with some agitation, giving 75 per cent B.O.D. re- 
duction. The pH of chemical-treatment sludges should be 9.6 or higher 
to secure rapid drying. Screening of cannery waste through a 40- 
mesh screen should precede all treatment proceses. A detailed report 
on the studies conducted at various canneries in Wisconsin during 1938 
and 1939 has been prepared by Warrick, McKee, Wirth, and San- 
born (252). 

Chemical Manufacturing Waste.—The waste disposal plant of the 
Dow Chemical Company at Midland, Mich. (previously described in 
this Journat, 10, 1093, 1938), has been discussed by Harlow (86) ; brine 
disposal by pumping to underground formations failed at this plant, 
and recourse was had to impounding and release at high-flow periods. 
Surveys of brine distribution in Saginaw Bay furnished information 
for the control of brine release. 

Gas Plant Wastes.—Key (127) has published an extensive report 
on the disposal of gas plant waste, including alterations in plant prac- 
tice to reduce the quantity of waste. Chulkov and Parini (36) pro- 
posed treatment of the de-ammoniated liquors by saturation with 
chlorine, filtering off precipitated sulfur and chlorophenols, and passing 
the filtrate through activated carbon. 

Milk Plant Wastes.—The report of Barritt (18) contains an ac- 
count of the application of the activated sludge process to milk plant 
waste, diluted to a maximum of 500 p.p.m. B.O.D. Effluent B.O.D.’s 
of 10 p.p.m. are readily maintained. Eldridge (55) describes further 
experiments on treatment of cheese plant waste by the Guggenheim 
process. Average B.O.D. removal was 88.5 per cent, using 280 p.p.m. 
lime, 56 p.p.m. ferric chloride, and a 4.5 hour aeration period. Hep- 
burn (91) reviewed milk waste treatment in Victoria, Australia, and 
stated that fair results are obtained by coagulation with aluminum 
salts. Beijer (20) prevented decomposition of milk wastes by the ad- 
dition of tanning substances, such as chrome-alum. 

Scarlett (211) described a plant for milk waste treatment in which 
the wastes are subjected to a one-day aerobic fermentation at 30° C., 
sedimentation, straining through cocoanut fibre mats, and treatment on 
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trickling filters. Sludge is dumped on land. B.O.D.’s of 400 to 800 
p.p.m. in the raw waste are reduced to 10 p.p.m. in the effluent. 

Oil Refining Waste.—Hill (101) has described a commercial sepa- 
rator of unusual design for separating oil from refinery drainage, in 
which emulsions are broken by preliminary passage of the waste 
through a bed of crushed rock. ‘‘Milk-water,’’ the oil-in-water emul- 
sion resulting from soda washing of acid-treated oils, is treated by 
acidifying and coagulating with aluminum or calcium salts. Crude oil 
tank bottom emulsions are cracked by heating. Acid sludge is treated 
to recover sulfuric acid, either by cooking with steam and a fluxing oil, 
separating oil and acid liquor, using the oil for fuel and- concentrating 
the acid in vacuum evaporators, or by coking the sludge and convert- 
ing the sulfur dioxide evolved to acid. Sulfonic acids may also be re- 
covered. Soda sludges may be acidified and steamed to remove hy- 
drogen sulfide and mereaptans, which are burned in a furnace; the re- 
sidual liquor is discharged with the other refinery effluents. Lead 
sludges are re-activated by soda and air-blowing. 

Packinghouse Waste.—Knechtges, Dawson and Nichols (131) have 
performed comparative experiments on continuous digestion of do- 
mestic sewage sludge, sludge from packinghouse waste, and mixtures 
of the two. Packinghouse sludge digested better when mixed with do- 
mestic sludge than when incubated alone; for example, a mixture of 1 
part domestic sludge and 2 parts packinghouse sludge on a solids basis 
required 25 per cent less digestion tank capacity than would be re- 
quired if the two were digested separately. The maximum additions 
of solids that were completely digested were 4.02 lb. pr cu. ft. of di- 
gester per month for domestic sludge, 2.62 lb. for packinghouse sludge, 
and 3.86 lb. for the 1 to 2 mixture. Determinations of the lipid ma- 
terial in the sludges indicated that some lipids escape digestion. In 
no case was it necessary to control the pH, which remained at 6.8 to 7.2. 

Pickling Waste.—Hodge (102) has published a complete resumé of 
the methods used for disposal and treatment of sulfuric acid—iron 
pickling liquors. In the Dorr process the liquors are neutralized with 
ground limestone, in conjunction with air agitation and recirculation 
of sludge. New variations in copperas recovery processes includes the 
Butler-Little process in which the pickle liquor is sprayed in a lead- 
lined tower, and crystallization takes place in a conical tank at the 
bottom of the tower. The Gaver process, by electrolysis with alter- 
nate iron and zine electrodes, followed by zine and lead electrodes, 
produces electrolytic iron and sulfuric acid. Various processes are de- 
scribed for combining ammonia liquors with pickling liquors to pro- 
duce ammonium sulfate and iron compounds. Ferric phosphate is 
produced by neutralizing the liquor with phosphate rock. Other proc- 
esses too numerous to cover in this report are also described. Inade- 
quate markets for the products have retarded the development of most 
of them. 

According to MecNicholas (146) at Walsall, England, mixed acid 
wastes, including pickling, lead-tube drawing (lead and nitric acid), 
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chromium plating, and nickel plating wastes, are neutralized with milk 
of lime in baffled brick mixing channels, before admission to main 
sewers. 

Plating Wastes.—F rom a study of the survival of B. Aerogenes in 
chromium plating wastes, Monk (161) concluded that 50 p.p.m. of 
chromates (as CrO;) might be permitted in sewage without injury to 
a treatment plant. The chromium compounds tend to concentrate in 
the sludge. In chromium plating, the chief waste is ‘‘swill’’ or wash 
water, containing 130 p.p.m. chromate as CrO;. In the chromic acid 
process of anodizing, ‘‘swill’’ water and, occasionally, the acid vat 
liquors, containing 46,000 p.p.m. of chromate as CrO,, are discharged. 

Spencer (229) described a trickling filter plant in which biological ac- 
tion was stopped by chromates, the concentrations ranging from 3.5 to 
67.6 p.p.m. as Cr; the source of the chromate was alkaline wash water 
containing 764 p.p.m. Cr. The difficulty was solved by treatment of the 
waste, prior to discharge, by the addition of barium chloride, at pH 
7.5. The precipitation is done in lead-lined tanks, in which the barium 
chloride and sodium carbonate are mixed with the waste by compressed 
air agitation. The mixture is settled for one hour, and additional 
sodium carbonate is put in to precipitate the excess barium. After a 
second agitation, the waste is allowed to settle overnight, and then de- 
canted from the precipitate to the sewer over a period of 4 to 6 hours. 
The chromium was reduced to 10 p.p.m. by an excess of 150 to 400 p.p.m. 
of barium (as Ba). 

Metals and ammonia may be recovered from plating and other 
wastes by the use of base-exchange materials, such as hydrogen zeolite, 
according to British patent 492,344, issued to the I. G. Farbenindustrie. 

Pulp and Paper Waste.—The subject of pulp and paper mill waste 
has been reviewed by Skinner (223) who describes several recent de- 
velopments in recovery of sulfite waste and white waters. Hill’s (100) 
experiments on the digestion of mixtures of paper pulp and domestic 
sewage sludge showed that good digestion was obtained at ratios of 
volatile pulp solids to volatile sludge solids as high as 2.13 to 1. The 
volatile solids of paper pulp either digested more rapidly or yielded 
more gas than the volatile solids of the sludge. The average rate of 
addition was 1.34 lb. of total solids per month per cu. ft. of tank ca- 
pacity. 

Skewes and Benson (222) have investigated the production of oxalic 
acid from sulfite pulp cooker liquor. The best yields of acid were ob- 
tained by the action of concentrated nitric acid on either the evapo- 
rated liquor, the precipitated calcium ligno-sulfonate (from lime treat- 
ment of the liquor) or the dry solids of the liquor. No acid was ob- 
tained from the unconcentrated liquor. 

Hawley (90) described the use of a cylindrical-screen save-all for 
recovery of fibre from white-water. Recovered fibre and part of the 
screened white-water are returned to process. 

Tannery Waste.—Treatment of tannery waste by fill-and-draw 
sedimentation, with equalization of tan liquors, according to Eldridge 
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(55) gives removal of 95.5 per cent of the suspended solids, and 62.2 
per cent of the B.O.D. Sludge, amounting to one-third of the total waste 
volume, is dried with some difficulty on sand beds. Some European 
tannery waste treatment plants, including one in which the settled 
waste is treated on trickling filters, and the sludge digested, have been 
described by Masner (151). The author minimizes the danger of an- 
thrax infection from the waste, and states that disinfection by chlorine 
requires large dosages. 

Textile Wastes.—An extensive study of chemical precipitation of 
textile wastes Was made by Porges, Horton and Baity (182). Sulfur 
dye waste, having a B.O.D. of 20,000 p.p.m., was successfully coagulated 
by strong acids, alum, copper, sulfate, iron salts plus acids, and iron 
salts alone. The tendency of the acidic compounds to produce hydro- 
gen sulfide and after-precipitation of sulfur led to the conclusion that 
copperas alone (214 Ib. per 1,000 gal.) was most satisfactory. Sludge 
volumes were very high (80 per cent or more) but the sludge filtered 
well. Flocculation was of no value, but addition of coal dust or sand 
and heating of the waste gave better color removal, more: rapid set- 
tling, lower sludge volumes (around 40 per cent) and better filtering 
rates. With kier waste, the best results were obtained from alum or 
alum plus acid, with color reduction from 5,000 p.p.m. down to 100 or 
200. Copperas and lime were most economical, reducing color to 300 
p.p.m. Carbon dioxide and calcium chloride (Copson process) re- 
duced color only to 600 p.p.m. For indigo waste, vat dye waste and 
wash waters, direct dye waste, and developed color waste, lime and 
copperas or, in some cases, other iron salts, proved satisfactory. 
Naphthol color waste was best treated with sulfuric acid, and aniline 
black wash water with alum and lime. 

Composite mill waste, consisting of wastes from indigo and sulfur 
dyeing, was coagulated with lime (20 to 50 lb. per 1,000 gallons) and 
lagoon waste from the dye pond, with lime, copperas and lime, and 
alum and lime. Mixtures of mill waste and domestic sewage allowed 
a wide choice of coagulants. 

It was noted that each coagulant appeared to have a definite ontimum 
pH zone, regardless of the type of waste treated, and that titration 
curves were of value in determining this optimum zone. In general, 
the conclusion was that satisfactory color removals, and B.O.D. reduc- 
tions of 80 to 85 per cent were attainable. 

In the discussion of the foregoing paner, Nichols (169) described 
the treatment of wastes from a mill which bleaches. dyes, prints, and 
finishes cotton cloth. The dye wastes are equalized, treated with 3.8 
Th. of alum and 2.5 Ib. of lime, mixed, settled, chlorinated, mixed with 
the bleach wastes, and discharged into the stream through a pipe which 
distributes them across the entire width. The sludge, and also the 
strong kier wastes and first rinses, are discharged to gravel pits remote 
from the stream. 

Hoover (104) in a general discussion of the textile waste problem, 
showed that of the combustible matter in dye wastes, 25 per cent was 
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suspended, 45 per cent colloidal, and 30 per cent in true solution. Re- 
covery of 50 per cent of the caustic soda in kier wastes was effected by 
dialysis, rendering the residual liquor easier to treat. Coagulation 
studies led to selection of ferric and ferrous sulfates as the best gen- 
eral coagulants. B.O.D. determinations on textile wastes were re- 
jected in favor of chromic acid wet-combustion, on account of the 
difficulties experienced. Tests on straining filters of coke breeze, 
bituminous coal, and coal ash on both composite and individual wastes 
proved the coke and coal beds to be superior to ash beds in purifying 
capacity, and in ease of disposal, since they can be burned under boil- 
ers after use. The fibre and hair in mixtures of domestic sewage, 
woolen and hat factory wastes were destroyed by thermophilic diges- 
tion of sludge at 55° C. Two plants treating composite textile wastes 
were described, one using copperas and lime, the other ferric sulfate and 
lime, at chemical costs of 3 to 5 cents per thousand gallons, and total 
costs of 9 to 13 cents per thousand gallons. Sludges in these plants are 
dried in sand-bottomed lagoons. t 

Weston’s (256) general review of textile waste treatment contains 
data of great value. The plant at Albermarle, N. C., described by 
Moore (163) treats mixture of textile wastes and domestic sewage, on 
trickling filters, the effluent from which may be treated with lime and 
alum, followed by flocculation and sedimentation. 

Miscellaneous.—Waste from the manufacture of synthetic rubber 
may be treated on land, if diluted with an equal volume of domestic 
sewage, or on trickling filters if diluted in a ratio of 1 to 1.5, according 
to Arakantsev (15). A British patent (493,716) issued to the I. G. 
Farbenindustrie, describes the recovery of ammonia from cupram- 
monium rayon wastes by passing the warm wastes through a counter- 
current of steam, recovering the condensate. British patent 498,799, 
issued to the Vereinigte Glanzstoff Fabriken, describes recovery of car- 
bon disulfide from viscose rayon wastes by aeration under vacuum. 


Errect oF INDUSTRIAL WASTES ON SEWAGE TREATMENT 


A comprehensive review of the effects of a number of industrial 
wastes on sewage treatment processes is given by Eldridge (51). The 
review includes beet sugar, milk, pickling, cannery, meat packing, tan- 
nery, textile, laundry and paper wastes. Similar reviews have been 
published by Hurley (109) and Dupont (49). 

Sedimentation.—The effects of paper mill waste on a plain-sedimen- 
tation separate sludge digestion plant are described by Kronbach (136). 
They include clogging of clarifiers by the rapidly concentrating sludge, 
blocking of pumps, formation of heavy fibrous mats on the top of the 
digesters, and interference with the drawing of supernatant liquor. 

Sludge Digestion.—According to Koon (133) the sewage plant at 
Yakima, Wash., handles cannery wastes which contribute twice the 
solids load contributed by the domestic sewage. No operating difficul- 
ties have been experienced. 
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Trickling Filters——The inhibition of biological action on a trickling 
filter by chromium plating wastes is ‘described by Spencer (229) (see 
Plating Wastes). Overloading of the trickling filters at Austin, Minn., 
by packinghouse wastes discharged to the city sewers led to the con- 
struction of preliminary high-rate filters and intermediate sedimenta- 
tion tanks ahead of the original filters. Facilities for chemical pre- 
cipitation were added to the primary sedimentation tank. The design 
and construction of the plant, and the results expected are described 
by Hansen and Hill (83). Treatment of the packinghouse waste by the 
chlorine precipitation process proved to be insufficient under the local 
conditions. 

Activated Sludge.—Porges and Miles (183) in an experimental 
study of the dewatering of activated sludge containing sulfur dye 
waste, showed that the presence of the waste approximately doubled 
the coagulant demand of the sludge. The waste-containing sludge was 
produced by aerating activated sludge with sewage containing 1 per cent 
dye waste. 

Stream PoLuution 


Prospects for increased Federal funds for research in stream pol- 
lution and a national program of pollution control improved with the 
submission to Congress on February 16th of a message from the Presi- 
dent outlining such a program. Accompanying this message was a 
Committee Report (1) by the Advisory Committee on Water Pollution 
of the National Resources Committee. It was estimated in this re- 
port that public and private expenditures totalling $2,000,000,000 would 
be required over a period of 10 to 20 years to abate the more objec- 
tionable pollution. The report recommended Federal legislation which 
was subsequently passed by the Senate in the form of a revised Bark- 
ley-Vinson Bill called the Barkley Bill (S-685). A similar measure 
has been introduced in the House and is awaiting House action at the 
second session of the 76th Congress. That a program of this nature 
could be justified on the basis of monetary savings was indicated by 
a study of losses due to pollution in New York harbor and adjacent 
waters by Hess (93) who estimated the direct losses due to pollution 
in this area had been $127,000,000 over a period of 20 years or a sum 
sufficient to have built sewage treatment works to abate all of the pol- 
lution which caused these losses. Indirect losses would undoubtedly 
have increased his estimate considerably had it been possible to de- 
termine them accurately. 

Continuing outbreaks of gastro-enteritis have resulted in increas- 
ing attention being given to the quality of both raw and purified water. 
In a symposium on water quality, Levine, Carpenter and Coblentz 
(140) reported on the characteristics of 282 strains of organisms iso- 
lated from 97 well chlorinated water samples from 5 cities. Of these, 
196 were strains of the coli-aerogenes group (63.8 per cent of these 
being slow lactose fermenters at 37° C.), 5 belonged to the genus Sal- 
monella, 4 to the genus Shigella and 8 to the genus Eberthella, the lat- 
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ter three being from groups associated with gastro-enteritis, which 
leads the authors to conclude that present chlorine residuals of .2 to 
4 p.p.m. as determined by ortho-tolidine do not necessarily indicate 
adequate water sterilization. Streeter (236) pointed out that lowering 
the average coliform limit of purified water from 1 to .2 per 100 ee. 
would probably necessitate control of water pollution to bring the cor- 
responding average raw water maximum from 5,000 to 200 per 100 
ec. and that general attainment of zero coli effluents was virtually 
impracticable. 

Water-borne outbreaks in the United States and Canada during 
the years 1920-36 inclusive have been summarized by Gorman and 
Wolman (71), who found that 63 of the 399 outbreaks in the United 
States, involving 21 per cent of the typhoid cases and 52.8 per cent of 
the persons affected, were due to improper operation of water treat- 
ment plants or unsatisfactory chlorination. Although increased vigi- 
lance of those responsible for water purification processes is clearly 
indicated, the provision of a factor of safety by reducing raw water pol- 
lution is also indicated in many instances. 

Young (265) discusses the effects of low flow augmentation from 
Pymantuning Reservoir on the Beaver River. Minimum flows have 
been increased from 23 c.f.s. (6 weeks period) to 123 c.f.s. and will 
probably be maintained above 200 ¢c.f.s. River conditions during the 
first year did: not greatly improve because there was increased indus- 
trial activity on the river during this period and a poor quality of 
water had been impounded in Pymantuning Reservoir due to the 
swampy nature of the reservoir site. However, completion of the ac- 
companying program of treatment for sewage and industrial wastes 
and improvement in the quality of impounded water should alleviate 
present difficulties. 

The bacteriological quality of natural waters required for recrea- 
tional purposes, particularly in bathing and swimming areas, has been 
a highly debatable point. Chlorination of sewage treatment plant 
effluents which might affect natural waters is frequently expensive and 
not entirely satisfactory. An economical answer to this problem, in 
part, may be the provision of closed beach areas such as was con- 
structed at Springfield, Illinois, and reported by Bonn (24). As part 
of an extensive recreational development of the impounded source of 
Springfield’s water supply, a section of beach waterfront was enclosed 
with sheet piling, water was pumped from the lake, chlorinated and 
allowed to flow back to the lake through 3 inch holes in the sheeting. 
Residual chlorine of .1 to .2 p.p.m. was maintained in the effluent water 
from the pool. 

Geiger, Hyde and Crowley (68) report the favorable effect of wide 
publicity being given to the polluted condition of bathing beaches in 
the San Francisco Bay area. Following an extensive bacteriological 
survey, a definite quarantine was placed against bathing in waters that 
were polluted, among which were several of the popular bathing 
beaches. Public demand necessitated calling a special election at which 
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sewer bonds (usually defeated) for the correction of the pollution were 
passed by an unusually heavy favorable vote. 

Fair (60) presents an interesting analysis of Streeter and Phelp’s 
‘‘oxygen sag’’ formulation. Diagrams are given for the graphical 
solution of this formulation to determine maximum ‘stream loading, 
the coordinates (time and saturation deficiency) of the point of mini- 
mum dissolved oxygen and the coordinates of the point where the 
maximum rate of recovery occurs, using various assumed values for 
the coefficients of deoxygenation and reaeration. The expressions 
which Fair derives are simplified somewhat by use of a ‘‘self-purifica- 
tion constant’’ (f) which is the ratio 


reaeration constant k, 
The author, on the basis of ‘‘present in- 





deoxygenation constant k, 


formation’’ defines approximate limits for the value of (f) from that 
given for small ponds and backwaters, .5 to 1.0, to above 5.0 for rapids 
and waterfalls. 

Sludge bank formation in a small impounding reservoir receiving 
the effluent from a trickling filter plant was studied by Ridenour and 
Henderson (190). They found that only 17 per cent of the sludge vol- 
ume present after 8 years could be ascribed to accumulation from 
suspended solids (32 p.p.m.) in the plant effluent while 83 per cent were 
due to silt and decaying vegetation. Average flow into the reservoir 
was 8 ¢.f.s. of which 1.46 c.f.s. was sewage effluent. The total volume 
of sludge produced (60 per cent moisture) was slightly less than that 
which would have been produced (90 per cent moisture) in a digestion 
tank. Decomposition of sludge was uniformly slow over the entire 
lake except within 200 feet of the outfall where it was much more rapid. 
As indicated by the high ratios of nitrogen per gram of volatile mat- 
ter compared to the ratios of B.O.D. per gram of volatile matter in the 
older sludges, the nitrogenous fractions were in general stabilized 
much more slowly than the carbonaceous fractions. Reduction of 
B.O.D. in the sludge was 90 per cent on a volatile matter basis. Con- 
sidering the lake as a sewage treatment process, the reduction in sus- 
pended solids was 95 per cent, and in B.O.D. 66.5 per cent in winter 
and 52.5 per cent in summer, at a loading of 190,000 gallons of trickling 
filter effluent per acre per day. No nuisance had occurred in the lake 
although oxygen contents as low as 0.5 p.p.m. had been observed dur- 
ing a critical summer period. Giesecke (69) also reports satisfactory 
results in the operation of a lake disposal system at Kingsville, Texas. 
Although dissolved oxygen is generally depleted at depths below 7 feet, 
the lake has operated successfully for four years. 

Biologic Life.—In investigating the cause of mass destruction of 
fish on the Schuylkill River, Schaut (212) studied the effects of certain 
industrial wastes and certain naturally occurring organic compounds 
upon minnows in aquaria. The most active of these compounds was 
rotenone which was toxic to fish in a concentration of .03 p.p.m. So- 
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dium cyanide was toxic in a concentration of .75 p.p.m. and during the 
drought period when mass fish killings occurred, concentrations of 1 
to 5 p.p.m. were measured in a pool where fish were killed. It was 
estimated that 2 tons of cyanide were present in the pool, an amount 
which could not have been contributed by industries above. Tests of 
the river water above and below this pool were negative for cyanides. 
Oxygen deficiency, chlorides or nitrites could not have caused the fish 
destruction and the author suspects the production of cyanides by hy- 
drolysis of a naturally occurring cyanogenetic compound, one of which, 
amygdalin, he demonstrated was hydrolyzed by the river water and 
could be hydrolyzed enzymically in the presence of minnows in an 
aquarium. 

Hardy, (85) reported that many young fish live in the highly pol- 
luted Mersey estuary but do not spawn there. Summer spawning va- 
rieties of salmon have disappeared but spring spawning varieties have 
not. The shellfish industry was affected to a greater degree than other 
fisheries and the delicate organisms such as sea anemones, nudibranchs 
and sponges have been destroyed. 

Reporting on investigations in progress at Gray’s Harbor, Wash- 
ington, Townsend, Eriksen and Harnest (243) found that although 
vast quantities of unpolluted ocean water entered and left the bay 
through tidal action, the polluted fresh water maintained its identity 
throughout the tidal cycle but was displaced laterally a distance of 
several miles. Polluted conditions were not alleviated until river dis- 
charges increased. Anadromous fish apparently did not penetrate 
this pollutional barrier to spawn at the usual time but many were found 
in a distressed condition or dead in the polluted areas of the bay. 
Tending to bear out the observations of Hardy (85) regarding the ab- 
sence of delicate sea organisms, the authors noted the complete ab- 
sence of starfish, sea urchins and jellyfish in Gray’s Harbor. The 
tolerance limit of certain fish to low oxygen concentrations was investi- 
gated by keeping the fish in laboratory tanks for a period of 18 to 25 
hours at temperatures of 10° to 13° C. with the following results: Silver 
salmon fingerlings 1.25 p.p.m., yearling steelhead trout 1.50 p.p.m., 
110 to 165 mm. long cutthroat trout 1.40 p.p.m. Usually a decrease of 
0.1 p.p.m. below the limits given produced symptoms of distress within 
30 minutes, 

Surveys.—In a report of studies of the pollution of the Raritan 
River, Rudolfs (199) described the condition of the river during 1937- 
38, comparing the results of a year’s observations with those of a 
similar survey made in 1927-28. Several sewage treatment plants had 
been placed in operation in the interim between the two surveys and 
others were under construction. Bacterial pollution as indicated by 
total counts had decreased slightly and coliform bacteria showed a 
very material reduction. In the later survey both total counts and 
coliform organisms were lower in summer than in winter, the reverse 
of the situation 10 years previous. In contrast with the improved 
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bacteriological condition of the river, chemical analyses indicated in- 
creased pollution due to industrial wastes. 

Weston and Edwards (257) studying the pollution of Boston Har- 
bor in 1935-36 found no serious oxygen depletion in the harbor but the 
presence of areas of sleek, floating grease and solids created a nuisance 
in many places, and such floating material was likely to be carried 
back from distant outfalls to the beaches. Pollution of beaches was 
largely due to local sewer outlets and storm water overflows which dis- 
charged directly into the harbor. The report recommended prelimi- 
nary treatment of the sewage in sedimentation tanks equipped with 
skimming and sludge removal devices. 

Williamson and Greenbank (260) studied the pollution of Fox River 
and Green Bay in Wisconsin to determine the cause of fish deaths in 
commercial fishermen’s nets. Although no fish mortality was ob- 
served or reported in Green Bay during the period of the survey, the 
winter of 1938-39, dissolved oxygen concentrations as low as 2.6 p.p.m. 
were measured, even though there was about 30 days less ice coverage 
than during a normal winter. Construction of sewage treatment 
plants has removed unsightly scum and sludge banks from the lower 
river and reduced health hazards by cutting down the bacterial load, 
but has not eliminated oxygen deficiency troubles because only 7 per 
cent of the total oxygen demanding materials were supplied by sew- 
age, 88 per cent being from waste sulfite liquor and 5 per cent from 
‘‘white water’? and other sources. Summer odor nuisances in the 
East River were due partly to pollution in that river but largely to 
frequent reversals of flow in the lower stretches which carried waste 
sulfite liquor upstream. Carbohydrates contributed the major por- 
tion of oxygen demand of the waste sulfite liquor, the lignin a variable 
amount depending on the absence or presence of carbohydrates, while 
free sulfur dioxide contributed a negligible amount. Treatment of 
waste sulfite liquor by lime precipitation removed largely sulfur diox- 
ide and lignin, effecting only 31 to 45 per cent B.O.D. removal, which 
would be insufficient removal to make conditions satisfactory in Green 
Bay. Further study of the problem was advocated, particularly of 
the possibility of treating waste sulfite liquor along with sewage on 
biological filters. 
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ACTIVATED SLUDGE OXIDATIONS 


VI. RESULTS OF FEEDING EXPERIMENTS TO DETERMINE THE 
EFFECT OF THE VARIABLES TEMPERATURE 
AND SLUDGE CONCENTRATION 


By C. N. Sawyer 


Fost-doctorate Fellow, Laboratories of Hydraulic and Sanitary Engineering, University of 
Wisconsin, Madison, Wisconsin 


One of the most debated points in connection with the activated 
sludge method of sewage treatment is the question: What concentra- 
tion of activated sludge should be maintained for a given operating 
condition? The consensus at present seems to be that mechanical 
aeration devices are best suited to concentrations of from 600 to 1,000 
p-p.m. of activated sludge and diffused air plants to concentration 
ranges from 1,000 to 4,000 p.p.m. Attempts to correlate the concen- 
trations of activated sludge used with B.O.D. loadings appear to be 
fruitless. It is known, however, that the characteristics of the sludges 
produced with high and low concentrations are often quite different. 
In the hope that some light might be shed on the issue, the investiga- 
tions reported in this paper were started. 

In a previous publication, Sawyer and Rohlich (1) have shown that 
at some treatment plants the nitrifying ability of the activated sludge 
varies markedly with the season of the year. Low winter tempera- 
tures apparently are conducive to the development of non-nitrifving 
sludges and summer conditions to the development of nitrifying 
sludges. In order to confirm or disprove this contention, simultane- 
ous laboratory feeding experiments were conducted under conditions 
which eliminated all other variables except temperature. 


MetHops 
Studies at 10, 15, 20, and 25 Degrees C. 


Identical portions of an activated sludge obtained from the Madi- 
son, Wisconsin, plant were placed in wide mouthed bottles of two-gal- 
lon capacity. The amount of sludge was so chosen as to give an acti- 
vated sludge concentration of 1,000 p.p.m. when each bottle was filled 
to capacity with sewage. The bottles were placed in constant tem- 
perature baths, as shown in Fig. 1, at temperatures ranging from 10 
to 25 deg. C. Aeration was accomplished with diffused air sufficient 
in quantity to keep the sludge in suspension during the aeration period 
of approximately 10 hours. 

The volume of the aeration mixture used in each ease was 71% liters. 
In preparation for feeding, aeration was discontinued and the sludges 
allowed to settle for approximately one hour. The supernatant liquor 
was siphoned off until only 2 liters of supernatant and sludge were 
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left. The effluent was replaced in each bottle with 5% liters of fine- 
screened sewage. The aeration mixture always contained 26.6 per 
cent of return sludge. The sludges were fed identical portions of 
Madison sewage twice each day, except Sundays when the sludges were 





Fig. 1—Apparatus used in studies at different temperatures. 


fed only once. At intervals of two or three days, the suspended solids 
of the aeration mixtures were determined and enough mixed liquor 
wasted to reduce the solids to 1,000 p.p.m. Observations were made 
on rate of growth, B.O.D. removal, oxygen utilization, and extent of 
nitrification over a 22 day period. Portions of the activated sludges 
obtained at the end of the feeding experiment were analyzed for their 
volatile solids and nitrogen content. 


Studies with Various Concentrations of Activated Sludge 


A. Room Temperature.—Portions of the same supply of activated 
sludge used for the temperature studies were so chosen as to give con- 
centrations of activated sludge corresponding to 800, 1,600, 2,400, and 
3,200 p.p.m. when placed in bottles of two-gallon capacity and filled 
with sewage. The aeration bottles were kept at room temperature, 
which approximated 20° C. The sludges were fed concurrently with 
those at different temperatures, as described above, and treated the 
same except that the concentration of sludge in each case was always 
adjusted to the starting value of 800, 1,600, 2,400 or 3,200 p.p.m. The 
feeding of these sludges was conducted for a period of 52 days. 

B. At 10° C.—This experiment was similar to the one conducted at 
room temperature in all details except temperature and duration of 
the experiment, which continued for only 34 days. 

Sewage for all the feeding experiments was obtained from the main 
pumping station in the city of Madison to which all sewage of the me- 
tropolitan area flowed and was essentially a representative domestic 
sewage containing about 10 per cent of a chemically treated packing- 
house waste (animal). The 5-day B.O.D. of the sewage fed varied 
from 154 to 382 p.p.m. and averaged 248 p.p.m. 

Routine chemical analyses were performed according to methods 
outlined in Standard Methods of Water Analysis 1936, except that the 
digestion of the activated sludges in the determination of their nitrogen 
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content was accomplished with the use of copper selenite as a catalyst. 
The preparation of copper selenite has been described by Hurd, Kem- 
merer, and Meloche (2), and the advantages of copper selenite as a 
catalyst have been described by. Schwoegler, Babler, and Hurd (3). 
Determinations of oxygen utilization by the activated sludges were 
made with the aid of the Oxy-Utilometer (4). 









EXPERIMENTAL RESULTS 
1,000 P.P.M. Activated Sludge 


One of the first differences exhibited among the sludges fed at dif- 
ferent temperatures was the impaired clarification produced by the 
sludge maintained at 10° C. This resulted in somewhat poorer B.O.D. 
removal, as is shown by the data given in Table I. The apparent im- 
provement in B.O.D. removal shown by the sludge fed at 10° C. on the 
18th day was found to be temporary. Because of the interesting 
changes this sludge appeared to be undergoing, its feeding was con- 
tinued after the 22nd day of the experiment. The B.O.D. of the efflu- 
ents produced by this sludge on the 37th and 45th day were found to 
be 35.4 and 26.2 p.p.m., respectively. 






Studies at 10, 15, 20, and 25° C. 

















TaBLE I.—B.0O.D. of Effluents Produced by Activated Sludges Fed on Identical Diets 
at Different Temperatures 


Parts per Million 

























= 
Temperature Avg. Per Ct. 
Centigrade 7th Day 13th Day | 18th Day B.O.D. Removal 
10° 28.0 | 23.7 | 16.4 90.5 
15° 10.0 15.4 15.5 94.3 
20° 10.5 16.8 | 12.0 94.5 
Asa 14.0 13.9 11.0 94.6 








Determinations of the extent of nitrification were started on the 
seventh day of the feeding experiment and continued at intervals there- 
after. The data are shown in Table II, from which it can be seen that 
the extent of nitrate formation at 10° C. was somewhat curtailed by 
the 7th day and gradually became less and less until it had practically 
disappeared on the 22nd day. 


TaBLE II.—WNitrate Production by Activated Sludges Fed on Identical Diets at Different Temperatures 
Parts per Million as N 








Temperature 


Centigrade 7th Day 13th Day 14th Day 22nd Day 36th Day 













10° 12 4 4 2.8 0.0 
15° 16 16 20 22 — 
20° 20 16 24 22 — 


















25° 22 
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The experiment with the sludge maintained at 10° C. was continued 
for 59 days, but after 31 days the effluent contained no nitrates. The 
formation of nitrites was found to continue somewhat longer as can 
be seen from Table III, but by the 36th day the nitrite nitrogen had 
reached a minimum value of about 2.5 p.p.m., below which the value 
did not fall appreciably. With the disappearance of the ability to oxi- 


TaB LE III.—WNitrite Production by Activated Sludges Fed on Identical Diets 
at Different Temperatures 


Parts per Million as N 

















Temperature 
Centigrade 7th Day 14th Day 22nd Day 36th Day 59th Day 
10° — 18.0 25.0 2.5 2.0 
15° -- 0.4 0.5 _— — 
20° — 0.1 0.4 — _— 
25° _- 0.1 0.0 — — 














dize ammonia nitrogen, the concentration of ammonia nitrogen in the 
effluent gradually increased. On the 46th day when both nitrite and 
nitrate formation were at a minimum the effluent from the portion of 
sludge fed at 10° C. contained 18.4 p.p.m. of nitrogen as ammonia. 

A record of the amount of activated sludge wasted in order to keep 
the solids in each of the aeration bottles near 1,000 p.p.m. was made 
over a three weeks period of the feeding experiment. It was found 
that the rate of growth was influenced markedly by temperature and 
that the most rapid growth occurred at 15° C. The rate-was slowest 
at 25° C. The relative data are presented in Fig. 2 and show that the 
amount of activated sludge to be wasted under winter conditions is 
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somewhat greater than under summer conditions, provided all other 
variables are constant. 

After feeding the sludges at the different temperatures for 22 days 
the oxygen utilization characteristics of all were compared at one tem- 
perature, namely 20° C. The sludges were adjusted to 20° C. and fed 
identical portions of sewage at the same temperature when the com- 
parison was made. The results are given in Graph 1 from which it 
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can be seen, as shown by the author in a previous publication (5), that 
the nitrification phase was completed in about 21% hours with the 
sludges which had been fed at 20 and 25 deg. C., while in the case of 
the sludges fed at 10 and 15 deg. C. about 3% to 4 hours were re- 
quired. This difference is thought to have been due to a decreased 
population of nitrifying organisms in the latter sludges and to have 
been correlated with the loss of nitrate forming power by the sludge 
fed at 10° C. After the fourth hour of aeration, the oxidation was 
undoubtedly concerned with the stabilization of the remaining carbo- 
naceous material, and it was found that the sludges, when compared 
at the same temperature, showed rates of oxidation which might have 
been predicted from the various temperatures at which the sludges 
had been fed for the previous 22 days, according to the findings of 
Sawyer and Rohlich (1) on summer and winter sludges: namely, the 
sludge which had been fed at 10° had the highest rate, and the sludge 
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fed at 25° had the lowest rate with the other two falling in their proper 
order. 


Studies with Various Concentrations of Activated Sludge 


A. Room Temperature.—Activated sludge concentrations of 800, 
1,600, 2,400, and 3,200 p.p.m. were used in this study. For purposes ‘ 
of convenience the different sludges have been designated as R°-8, 
R°-16, R°-24, and R°-82. 

During the first week of the feeding experiment, the effluents pro- 
duced by the sludges R°-8 and R°-16 were much superior in appear- 
ance to those given by the higher solids concentrations. Thereafter 
the quality of the effluents produced was quite comparable, as will be 
seen from the data in Table IV. 


TaBLE 1V.—B.0O.D. of Effluents Produced by Activated Sludges of Different Concentrations 
‘ed on Identical Diets at Room Temperature 


Parts per Million 











Sludge a 7th Day | 13th Day | 18th Day | 40th Day | 48th Day 
R- 8 800 6.5 24.5 11.5 7.0 5B 
R°-16 1600 24.5 12.3 “a th 
R20 2000* _ —_ oo 8.0 5.5 
R°-24 2400 13.5 24.0 14.1 “ a 
R°-32 3200 16.5 20.0 13.1 9.0 3.5 























* After 30th day sludges.R°-16 and_R°-24 were combined to form R°-20. 


Investigations of nitrate production by the various sludge mixtures 
fed at room temperatures were made periodically and the data are 
shown in Table V. From this table it can be seen that the nitrifying 


TaBLe V.—Nitrate Production by Activated Sludges of Different Concentrations Fed on 


Identical Diets at Room Temperature 


Parts per Million Nitrate Nitrogen 











Sludge sy 7th Day 15th Day | 28rd Day | 41st Day | 52nd Day 
R°- 8 800 20 20 20 16 16 
R°-16 1600 20 20 24 _ — 
R°-20 2000* — — — 26 20 
R°-24 2400 24 20 24 _ — 
R°-32 3200 26 20 24 26 22 


























* After 30th day sludges R°-16 and R°-24 were combined to form R°-20. 






ability of the original sludge was maintained throughout the period ; i 
of 52 days with all the sludges. The smaller amounts of nitrate ni- Hi 
trogen in the effluents produced by the lower concentrations of acti- 
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vated sludge is of significance and can be correlated with rates of 
growth and nitrogen content of the sludges produced as will be dis- 
cussed presently. The amount of nitrite-nitrogen in the effluents pro- 
duced by these sludges was always low, and in no case was there more 
than a trace (0.4 p.p.m) of ammonia nitrogen found in them. 

The rate of growth of these sludges decreased as the concentration 
of the activated sludge increased in the aeration mixture. Similar re- 
sults have recently been reported by Ingols and Heukelekian (6) and 
by Ruchhoft, Butterfield, McNamee, and Wattie (7). The data are 
given in Fig. 3, and show that the quantity of sludge produced in the 
lowest suspended solids (800) mixture was approximately 65 per cent 
greater than in the highest (3,200). The significance of this factor in 
the design and economy of sludge disposal facilities should not be over- 
looked. 

A comparison of the oxygen utilized by the various sludges was 
made on the 23rd and the 40th days of the experiment. The differ- 
ences were distinct on the 23rd day but not as definite as they had 
become on the 40th day. For that reason, the results obtained on the 
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40th day are given in Graph 2 and show that when equal quantities 
of each sludge were used the oxygen requirement of sludge R°-8 was 
greatest and that of sludge R°-32 was the least. This was to be ex- 
pected on the basis that sludge R°-8 had been relatively overfed when 
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compared to the sludges with the higher sludge concentrations, and it | 
is further evidence to support the belief that the activity of a sludge 
is a function of the food load it has been accustomed to stabilizing. 
B. 10° C.—The suspended solids concentrations used in this study 
were the same as in the one just described and for differentiation are 
designated as 10°-8, 10°-16, 10°-24, and 10°-382. 
From the start of the experiment, the effluent produced by the low- 
est suspended solids concentration (800) was quite turbid and had a 
rather high B.O.D., as is shown by the data in Table VI. The B.O.D. : 


TaBLE VI.—B.O.D. of Effluents Produced by Activated Sludges of Different Concentrations 
Fed on Identical Diets at 10° C. 


Parts per Million 















Sludge, Avg. Per Ct. 
Sludge P.p.m. 5th Day 13th Day | 21st Day 28th Day B.O.D. 
Removal 
10°- 8 800 48.0 36.0 24.5 30.0 84.0 
10°-16 1600 11.5 12.0 6.7 Sy 95.9 
10°-24 2400 5.0 6.7 6.8 6.1 97.2 
10°-32 3200 8.0 6.6 5:5 7.6 96.8 




























of the effluents produced by the other sludge concentrations at the same 
temperature was low in all cases and indicated that they were capable 
of handling the food load imposed on them without any difficulty. 

A study of nitrate formation by these sludges showed that the loss 
of nitrifying ability was not uniform but varied with the concentration t 
of sludge used, as may be seen from inspection of Table VII. This 


TaBLE VII.—WNitrate Production by Activated Sludges of Different Concentrations 


Fed on Identical Diets at 10° C. 
Parts per Million Nitrate Nitrogen 

























Sludge ri ’ 6th Day llth Day | 28th Day | 32nd Day | 34th Day 
10° 8 800 8 4 0.6 0.0 0.0 
10°-16 1600 12 8 9.0 8.0 6.0 
10°-24 2400 20 16 14 22 28 
10°-32 3200 24 24 16 20 28 















































indicates that other factors besides temperature are important in de- 
termining whether or not nitrifying ability persists at low tempera- 
tures. 

The greatest objection to nitrifying sludges, no doubt, is the re- 
quirement of increased amounts of oxygen, and the second objection 
of major importance is probably the characteristic which such sludges 
possess of floating to the surface if kept in the absence of dissolved 
oxygen for any great periods of time. This latter difficulty was en- 
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countered in connection with some of the sludges used in the studies 
at 10° C. Photographs were made to record some of the observations 
and a representative group are shown in Fig. 4. View ‘‘a’’ was taken 
30 minutes after the samples of the various sludges had been placed 
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Fig. 4.—Views of settled activated sludge which illus- 
trate the relationship of activated sludge concentration 
and nitrification to the ‘‘rising’’ characteristic of some 
sludges. View ‘‘a’’—after 30 minutes settling. View 
‘“b’’—after 50 minutes settling. View ‘‘c’’—after 60 
minutes settling. 









in the graduated cylinders. View ‘‘b’’ was taken after 50 minutes had 
elapsed and shows sludge 10°—16 in the process of rising to the surface 
due to the buoyancy of the gas released and retained within the sludge. 
View ‘‘c’’ shows the status of affairs after 60 minutes of ‘‘settling’’ in 
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which we find sludge 10°—24 had started its upward journey and sludge 
10°-16 had reached the top. Due to lack of photographic materials 
a record of the next change was not obtained, but after 70 minutes had 
| elapsed sludge 10°-32 also began to ascend and gradually rose to the 
surface. Sludge 10°-8 had not risen or begun to show any tendency 
to do so at 100 minutes when the observations were discontinued. 
These observations were made on the 27th day of the feeding experi- 
ment when nitrite and nitrate formation by sludge 10°-8 had reached 
a minimum and, consequently, not enough nitrogen gas could be lib- 
erated to buoy the sludge. In the other three cases the ability to form 
nitrites and nitrates was still present and, thus, a sufficient quantity 
of nitrogen was released in each case. It is of interest to note that of 
the sludges buoyed up the one which had been relatively over-fed 
(10°-16) was the first to rise and sludge 10°-32 was the last to rise. 
A record of the growth of the sludges fed at 10° C. was also made 
over a period of three weeks duration. The data are shown in Fig. 3 
in conjunction with corresponding data obtained in the studies at room 
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growth increased with decreasing aeration solids over the range of 
1,600 to 3,200 p.p.m., but with the portion of sludge containing only 
800 p.p.m. of suspended solids the rate of growth did not follow the 
trend. The slower growth of this sludge can, no doubt, be attributed 
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to its failure to remove all of the food material as is shown by the 
B.O.D. data in Table VI and to its loss of ability to oxidize the ammonia 
nitrogen in the sewage. The greater amount of new sludge produced 
by the sludges fed at 10° C. as compared to those fed at room tempera- 
ture correlates very well with the data shown in Fig. 2. 

A comparison of oxygen utilization by the different sludges fed at 
10° C. was made after 31 days of feeding. Equal quantities of the 
sludges were used and the comparisons made at 20° C. The results 
are shown in Graph 3, from which it can be seen that the oxygen utili- 
zation rate curve produced by sludge 10°-8 is typical of a non-nitrify- 
ing sludge while those produced by the other sludges are typical of 
nitrifying sludges (5). This behavior correlates with the nitrate form- 
ing ability as shown in Table VII. 


Volatile Solids and Nitrogen Content of the Sludges Produced 


Because of the importance of the volatile solids content of sludge 
in determining its value in methane production and the nitrogen con- 
tent in determining its value as a fertilizer, samples of the sludges ob- 
tained at the end of the various runs were dried at 105° C. and analyzed 
for their content of each. The results are given in Table VIII. From 


Taste VITI.— Volatile Solids and Nitrogen Content of Activated Sludges Produced 
with Various Sludge Concentrations and Temperatures 








Variables 





Temperature Sludge Concentration Sludge Concentration 
(Centigrade) (Room Temperature) (10° C.) 





10° | 15° | 20° c 800 | 1600 | 2400 | 3200 1600 | 2400 





Volatile 
Solids. ...|76.8* | 76.6 | 74.8 76:33 178.7 \726 172.5 77.6 | 76.9 
Nitrogen....| 6.49*| 6.61] 6.34 6.49 | 6.16 5821 5.77 6.45] 6.48 
































* Per cent. 


this table it can be seen that the development of sludges with high vola- 
tile solids content is favored at low temperatures and low activated 
sludge concentrations. With respect to the nitrogen content of the 
sludges, high nitrogen content appears to be favored by low sludge 
concentrations and by low temperatures, but when the temperature 
becomes low enough, or the sludge concentration low enough so that 
nitrification is impaired, the nitrogen content of the resulting sludge 
is lowered. This is shown especially well by the lower nitrogen con- 
tent of sludge 10°-800 which had lost its nitrifying ability and some 
of its clarifying power. It is to be questioned whether the lowered 
nitrogen content of the sludge is a direct result of the loss of nitrifying 
ability or a result of over feeding. 
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Discussion 


B.O.D. Removal.—The ability of activated sludge to adapt itself to 
changing conditions is well shown by the comparable B.O.D. removals 
given by the various sludge concentrations used in the study at room 
temperature. In the corresponding study at 10° C., it was found that 
the B.O.D. removal at the lowest sludge concentration (800 p.p.m.) 
was much less than at higher concentrations. This is further proof of 
the contention that temperature is one of the important factors in de- 
termining the rate of B.O.D. stabilization, and that higher concentra- 
tions of aeration solids are needed under winter conditions than under 
summer conditions to accomplish a certain amount of work. These 
data also furnish an explanation of why activated sludge plants using 
widely different aeration solids concentrations to treat comparable 
B.O.D. loadings often produce effluents showing equivalent B.O.D. re- 
movals. 

Nitrification.—The seasonal fluctuation in nitrifying ability of acti- 
vated sludges which occurs at some treatment plants has been attrib- 
uted solely to temperature change. The argument is presented that 
at the low temperatures the nitrifying organisms are under conditions 
unfavorable for their reproduction. Undoubtedly, this is an impor- 
tant part of the explanation, but, as can be seen from the data on ni- 
trification obtained with the various sludge concentrations at 10° C. 
(Table VII), the nitrifying ability in the case of the sludge concentra- 
tions of 2,400 and 3,200 p.p.m. did not become impaired. There are, 
probably, at least two reasons for this difference: 1. The dilution fac- 
tor—because of the more rapid growth in the case of the lower sus- 
pended solids concentrations, the rate at which those sludges had to be 
wasted was greater, and the nitrifying organisms soon became over- 
grown and outgrown by the other forms of life and their numbers re- 
duced to a minimum value. 2. Available food supply—as a result of 
the greater growth in the case of the lower suspended solids concen- 
trations, considerably more nitrogen was fixed in the sludge and, con- 
sequently, less free ammonia nitrogen was available as a source of 
energy to stimulate new growth of nitrifying organisms. 

Rate of Growth—The fact that the most rapid growth of the acti- 
vated sludge occurred at the lower temperatures and with the lower 
concentrations of activated sludge is somewhat perplexing when viewed 
from the standpoint of ordinary experiences. In the practice of sew- 
age treatment, there is imposed, however, one restriction which makes 
its case somewhat singular in character. This is the limited food 
supply which is made available to the organisms so that complete re- 
moval of the food supply (B.O.D.) can be accomplished during the 
detention period allowed. In the case of the sludges used in this study, 
all the sludges used in any one particular experiment were fed iden- 
tical and exactly equal quantities of sewage as food. In those cases 
where the lowest concentration of activated sludge was capable of 
utilizing all of the food available, as shown by the B.O.D. removal data, 
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the sludges of higher concentrations must have been, relatively speak- 
ing underfed, and, consequently, more and more of the food available 
was used for ordinary metabolic needs of the sludge and less and less 
was available for the production of new growth as the sludge concen- 
tration increased. 

The greater rate of growth of the sludges at 10 and 15 deg. C., as 
compared to those at 20 and 25 deg. C. can, undoubtedly, be explained 
by the greater oxygen requirements of the sludges maintained at the 
higher temperatures. High oxygen requirements are probably cor- 
related with high metabolic rates, and, as the metabolic rate increases 
with temperature, the amount of food available for growth diminishes 
because of the increased amounts of food necessary to maintain the 
organisms already present. 

On the basis of the B.O.D. removal data given in Table I, it would 
be logical to conclude that the slower rate of growth of the sludge 
maintained at 10° C., as compared to that of the sludge maintained at 
15° C. (Fig. 2), was due to its inability to utilize all the available food 
material present. This reason is, no doubt, an important one, but it 
should also be noted that the sludge maintained at 10° C. gradually 
lost its ability to oxidize ammonia nitrogen to nitrites and nitrates; 
thus, this source of food energy was not utilized to its full extent and 
the growth obtained from it was less than at the higher temperatures. 
Similar arguments can be presented to explain why the rate of growth 
of the lowest activated sludge concentration (800 p.p.m.) in the studies 
at 10° C. was less than with 1,600 p.p.m. at the same temperature 
(Fig. 3). 

Volatile Solids Content of Activated Sludges.—The aerobic oxida- 
tion of sewage solids or of activated sludge results in a reduction of 
the volatile solids content as the oxidation progresses. The end result 
is the development of a sludge with a lower volatile solids content and 
a much lower requirement for oxygen, similar to the results accom- 
plished by the anaerobic decomposition of such substances. Because 
of the more rapid rate of oxygen usage by activated sludges at the 
higher temperatures, sludges maintained at such temperatures on lim- 
ited food supplies will have lower volatile solids contents than sludges 
maintained at lower temperatures on identical food supplies. In a 
like manner, when different amounts of activated sludge are used to 
stabilize identical amounts of food, the rate of oxidation will be great- 
est in case of the highest sludge concentration; therefore the volatile 
solids content will be reduced most rapidly and’such sludges will con- 
tain less volatile solids. These arguments are substantiated by the 
data on the volatile solids of the various sludges as shown in Table 
VIII. On this difference in oxygen requirements can be found an ex- 
planation of why mechanical aeration devices are capable of treating 
sewages with low concentrations of activated sludge, but fail to give 
satisfactory results when attempts are made to maintain higher con- 
centrations of aeration solids. 
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The higher volatile solids content of the sludges produced at low 
temperatures and with low suspended solids concentrations is, un- 
doubtedly, of some importance in the practice of methane production. 
It is of interest to note that under the conditions most favorable for 
the greatest growth rates of activated sludge, the highest volatile solids 
contents are also obtained. This additive property should not be over- 
looked. 

Nitrogen Content of Activated Sludges.—From the data presented 
in Table VIII, we have seen that the sludges with the highest nitrogen 
contents are produced, in general, under the same conditions as those 
with the highest volatile solids contents. The somewhat lower nitro- 
gen content of the sludges which had lost their nitrifying power 
(Sludges 10° and 10°-800) might possibly be construed as meaning 
that non-nitrifying sludges contain less nitrogen. Evidence to sub- 
stantiate or refute such a conclusion is conflicting. It should be 
pointed out, however, that in the studies herewith presented, whenever 
conditions were favorable for the development of non-nitrifying 
sludges, the sludges were apparently overfed, as shown by the B.O.D. 
removal data. Such overfeeding probably results in the saturation of 
the activated sludge with the unoxidized colloidal and suspended mat- 
ter of the sewage of low nitrogen content, and, consequently, the aver- 
age nitrogen content of the resulting sludge would be lowered. 

Since the economy of the practice of fertilizer production from 
activated sludge is based primarily on the nitrogen content of the 
sludge, it is reasonable to assume that any practice which will increase 
the content of nitrogen in the sludge must be considered in determin- 
ing the conditions of operation which will yield the greatest net income. 
The greater quantity of activated sludge produced with low aeration 
solids, in combination with the higher nitrogen content of the resulting 
sludge, seems to indicate, on the basis of these experiments, with a 10- 
hour aeration period, that the lowest aeration solids concentration 
commensurate with good uniform operation would yield the greatest 
monetary return. 


ConcLusIONS 


Comparable B.O.D: removals from sewage can be attained with a 
wide range of activated sludge concentrations. The use of low con- 
centrations results in the development of sludges with high volatile 
solids contents and high activities as measured by the base rates of 
oxygen utilization. Because of the high activity of such sludges, they 
must be removed rapidly from final settling tanks and kept in contact 
with dissolved oxygen to keep them in condition. The chief advantage 
to be gained in using low activated sludge concentrations is the de- 
creased oxygen requirements to stabilize a given B.O.D. load. This is 
a result of the conversion of large quantities of the available food 
(B.O.D.) to new sludge growth and, consequently, smaller amounts are 
oxidized to carbon dioxide, water, and nitrates. The use of high con- 
centrations of activated sludge results in the production of sludges 
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with lower volatile solids content and lower base rates of oxygen utili- 
zation. Such sludges may be kept for much longer periods in the ab- 
sence of aeration without undergoing serious changes and, as a-result, 
more compact sludges are obtained. These two features constitute the 
chief advantages to be gained from the use of high sludge concentra- 
tions. 

The loss of nitrifying power by activated sludges at low tempera- 
tures is related to the relative rates at which the organisms responsible 
for stabilizing the carbonaceous matter and the organisms responsible 
for stabilizing the nitrogenous matter grow. Rapid growth of the 
organisms responsible for stabilization of the carbonaceous matter is 
favored by the lower rates of oxidation (high synthesis rates) at low 
temperatures and by the ability of the sludge to hold available at all 
times a large food supply by adsorption and coagulation of sewage 
solids from suspension and solution. The growth of the nitrifying or- 
ganisms is hindered because of the slowness with which ammonia 
nitrogen (their source of energy) can be oxidized at low temperatures, 
and because of the inability of the sludge to adsorb and hold available 
appreciable quantities of ammonia nitrogen as has been shown by In- 
gols (8). Thus, at low temperatures the proportion of nitrifying or- 
ganisms in the sludge will diminish and the nitrifying ability decrease 
accordingly. 


SuMMARY 


The results of simultaneous feeding experiments with activated 
sludge (concentration 1,000 p.p.m.) at 10, 15, 20, and 25 deg. C. and with 
activated sludge concentrations of 800, 1,600, 2,400, and 3,200 p.p.m. at 
10° C. and at room temperature (approximately 20° C.) and with a 10- 
hour aeration period, have shown the following: 


1. Equivalent B.O.D. removals were obtained under all conditions 
except with 800 and 1,000 p.p.m. of aeration solids at 10° C. 

2. When equivalent B.O.D. removals were obtained, the greatest 
rates of sludge growth were obtained with the lowest concentrations of 
activated sludge and at the lowest temperatures. 

3. The nitrifying ability of the activated sludges was lost at 10° C. 
when low concentrations of aeration solids were used. 

4. The sludges with the highest volatile solids content were produced 
with the lowest concentrations of aeration solids and at the lowest tem- 
peratures. 

5. High nitrogen content of the sludges was favored by low acti- 
vated sludge concentrations and low temperatures. 
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CARBON AND NITROGEN TRANSFORMATIONS IN 
THE PURIFICATION OF SEWAGE BY THE 
ACTIVATED SLUDGE PROCESS * 


III. WITH MIXTURES OF STERILE SEWAGE AND PURE 
CULTURE ZOOGLEAL SLUDGES 









By H. Hevxetexrian anv M. L. Littman 


Associate and Formerly Graduate Student, Dept. Water and Sewage Research, 
New Brunswick, N. J. 







Studies (1) on the carbon and nitrogen transformations in the puri- 
fication of sewage with natural activated sludge revealed the occurrence 
of certain fundamental changes which were identical with both high 
and low solids concentration. Pure culture, zoogleal floc-forming bac- 
teria isolated from activated sludge were demonstrated (2) to be suffi- 
ciently alike morphologically and culturally to be classed as one species 
or genus. The flocculent masses developed in sterile sewage by this 
bacterium, Zooglea ramigera, simulated activated sludge to a remark- 
able degree. The destructive action of the zoogleal masses on carbo- 
hydrates, proteins, and soaps was also elucidated and the clarifying 
action of the pure culture sludges on sewage mentioned. In order to 
evaluate the role of these organisms in the carbon and nitrogen trans- 
formations which occurred in the purification of sewage by activated 
sludge, pure-culture zoogleal sludges Z-1 and Z-2 were developed in 
sterile sewage to a sufficient concentration of sludge to perform the de- 
sired experiments. 



















EXXPERIMENTAL 


Pure-culture sludge Z—1 was mixed in two concentrations with cotton- 
filtered, heat-sterilized sewage to produce mixtures with 1,347 and 526 
p.p.m. suspended solids. Sludge Z-2 was mixed with sterile sewage to 
produce a concentration of 1,777 p.p.m. solids. Six liters of each mix- 
ture were aerated in flasks fitted with CO.-free air supply. The method 
of sampling and analysis was the same as that followed in studies of 
natural activated sludges (1), and aeration apparatus was the same as 
that outlined earlier. (2) 






RESULTS 


Purification.—The removal of turbidity and B.O.D. from the sterile 
sewages by the pure-culture sludges Z-1 and Z-2 are found in Figs. 
1,2 and 3. Turbidity and B.O.D. of the sterile sewages were rapidly 
reduced by the pure-culture sludges. After maximum purification of 
the sewages, continued aeration of the mixtures produced greater in- 
creases of turbidity of the liquor than B.O.D. Pure-culture sludge 
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Fic. 1.—Changes brought about by aeration of pure culture 
sludge Z—-1 with sewage in liquor and solids. 
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Fig. 2.—Changes brought about by aeration of pure culture 
sludge Z-1 with sewage in liquor and solids. 
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Z-2 exhibited a slower clarifying action on sewage than Z-1. In all the 
mixtures of sludges and sewage the total and organic solids of the 
sludges increased during early periods of aeration and declined with 
prolonged aeration. 
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Fig. 3.—Changes brought about by aeration of pure culture 
sludge Z—2 with sewage in liquor and solids. 


Carson TRANSFORMATIONS 


The changes occurring in the carbon content of the pure culture 
sludge, settled liquor and Seitz filtrate, and the release of carbon diox- 
ide, are found in Tables I, IT and ITI and Figs. 4, 5, and 6. The carbon 
balances of the sludge-sewage mixtures, representing the sum of car- 
bon in sludge, settled liquor and carbon dioxide evolved, were much 
more constant at each sampling period than those obtained with nat- 
ural activated sludge and sewage mixtures described by Heukelekian 
and Littman (1). The carbon balance of the entire mixture of sewage 
and sludge Z-1, with a suspended solids concentration of 1,347 p.p.m. 
(Table I) varied from —0.4 to + 0.7 per cent from the initial value, 
with an average variation of —0.4 per cent. The carbon balance of 
the low solids mixture of Z-1, Table II, varied from — 0.5 to + 1.5 per 
cent from the initial value, with average percentage error of + 0.2 per 
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e TaBLeE I.—Carbon Transformations in the Purification of Sterile Sewage by Aeration With 
e Pure-culture Zoogleal Sludge Z-1 
h Solids Concentration, 1,347 P.p.m. 
CO, Produced 
Carb 
Inorganic | Organic vedas Total Experi- 
Carbon Carbon Carbon mental 
At Each Per 
Interval Br. | 
P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. Per cent 
0 Hours 
Settled liquor....... 13.0 92.0 105.0 f 
Solution (Seitz)..... 12.0 38.0 | 
Suspension......... 1.0 54.0 
ieee ens h5k so 5% 0 588.0 588.0 
Total CafBON. . 0:6 ....<:00 693.0 — 
1 Hour 
Settled liquor....... 18.0 66.0 . 0.7 0.7 84.7 
Solution (Seitz)... .. 16.6 31.0 
Suspension......... 1.4 35.0 
Sees sas scans axe 0 605.3 605.3 
Total Carbon........... 690.0 —0.4 
2 Hours 
Settled liquor....... 20.0 48.0 2.9 2.9 70.9 
Solution (Seitz)..... 18.3 22.6 
Suspension......... 17 25.4 
WIE oss casey 0 615.0 615.0 
Total Campon os .6...66:0's.6. 685.9 —1.0 f 
3 Hours 
Settled liquor....... 24.0 31.0 4.9 4.9 59.9 
Solution (Seitz)..... 212 22.0 
Suspension......... 2.8 9.0 ij 
PHOS 55s bbe dieietens 5: 0 626.4 626.4 i 
LOU CATDON sais 6:6,5.0:66 686.3 —1.0 
4 Hours 
Settled liquor....... 32.0 19.3 6.0 6.0 57.3 
Solution (Seitz)..... 32.4 20.6 
Suspension......... —0.4 —0.7 
RORGOS 72:4 Siva fetes ee 0 635.0 635.0 
Total Carbon. osc 5.060% 692.3 —0.1 
24 Hours 
Settled liquor....... 17.0 71.3 49.3 2.5 137.6 
Solution (Seitz)..... 
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TaBLeE II.—Carbon Transformations in the Purification of Sterile Sewage by Aeration 
With Pure-culture Zoogleal Sludge Z-1 


Solids Concentration, 526 P.p.m. 








CO, Produced 
as Carbon E i- 
Inorganic | Organic Total ae 


Carbon Carbon At Each Per Carbon Sitar 


Interval Hr. 








P.p.m. P.p.m. P.p.m. Pym. -| Ppa. Per cent 


0 Hours 
Settled liquor....... 6.0 125.0 131.0 
Solution (Seitz) 5.8 44.0 

0.2 81.0 

0 184.0 




















6 Hours 
Settled liquor....... 
Solution (Seitz) 
Suspension 
Sludge 





Total Carbon 





9 Hours 
Settled liquor 
Solution (Seitz)..... 








24 Hours 
Settled liquor 
Solution (Seitz) 











72 Hours 
Settled liquor....... 16.1 
Solution (Seitz)..... 15.0 











Total Carbon........... 





Average Experimental 














Vol. 12, No. 2 PURIFICATION OF SEWAGE. III 265 


cent, while the carbon balance of Z-2 fluctuated even less, —0.1 to 
+. 0.3 per cent, with an average variation of + 0.1 per cent. 

Carbon in the pure-culture sludge flocs was entirely organic in na- 
ture. In all three sludge-sewage mixtures, aeration produced initially 
an increase in the organic carbon of sludge coincident with the removal 
of organic carbon from the settled liquor. Carbon dioxide produc- 
tion rose to a maximum value within the purification periods in all 
three mixtures and was followed by a decrease in the rate with over- 
aeration. Aeration prolonged beyond the purification periods caused 
a loss of organic carbon from the sludge floc which was parallelled by 
an equivalent release of carbon dioxide. The evolution of carbon di- 
oxide from the sludges was not the only factor responsible for the loss 
of organic carbon in the sludge, since marked increase in the suspended 
organic carbon occurred in the settled liquors with over-aeration of 
the sludges. This was attributed to the deflocculation of the pure 
culture sludges. The decrease of organic carbon in solution with ae- 


TaBLE III.—Carbon Transformations in the Purification of Sterile Sewage by Aeration With 
Pure-culture Zoogleal Sludge Z-2 


Solids Concentration, 1,777 P.p.m. 








CO: Produced 
as Carbon Experi- 
mental 
At Each Per Error 
Interval Hr. 


Inorganic | Organic 
Carbon Carbon 








P.p.m. P.p.m. P.p.m. P.p.m. _p.m. Per cent 
0 Hours 
Settled liquor....... 10.5 112.0 
10.3 51.0 
0.2 61.0 
0 795.0 








1 Hour 
Settled liquor 
Solution (Seitz) 








2 Hours 
Settled liquor....... 
Solution (Seitz) 
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Inorganic 
Carbon 


Organic 
Carbon 


CO: Produced 
as Carbon 





At Each 
Interval 


Per 
Hr. 


Total 
Carbon 


Experi- 
mental 
Error 





3 Hours 
Settled liquor....... 
Solution (Seitz) 


P.p.m. 


17.0 
17.5 


P.p.m. 


54.8 
30.0 


P.p.m. 


6.3 


P.p.m. 


6.3 


P.p.m. 


78.1 


Per cent 


24.8 
841.0 


Suspension —0.5 


Sludge 0 841.0 





Total Carbon 919.1 





4 Hours 
Settled liquor....... 
Solution (Seitz) 


82.3 








24 Hours 
Settled liquor....... 


Solution (Seitz) 


























+0.1 





ration of all mixtures was attributed to microbial assimilation of this 
material by the sludge bacteria. Inorganic carbon, which was found 
entirely within the Seitz filtrate, increased with aeration in all mix- 
tures.during the purification period. 

Hourly rate of carbon dioxide production by pure culture sludge 
Z-1, with solids concentration of 1,347 p.p.m., reached a maximum of 
6.0 milligrams of carbon by the fourth hour of aeration (Table I). 
The same sludge in low concentration reached the maximum rate of 
carbon evolution of 2.5 milligrams of carbon by the ninth hour of aera- 
tion (Table IL), while sludge Z-2 in concentration of 1,777 p.p.m. 
reached a maximum of 7.5 milligrams of carbon in the fourth hour of 
aeration (Table III). Throughout the entire aeration periods, the 
average hourly rate of carbon dioxide production per 1,000 p.p.m. sludge 
solids in the three different mixtures was 1.97 milligrams for Z—1 with 
high solids concentration; 2.30 milligrams for Z—1 with low solids con- 
centration; and 1.94 milligrams for Z-2. 
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Nirrocen TRANSFORMATIONS 


Transformations in the nitrogen contents of the various fractions 
of pure-culture sludge-sewage mixtures of Z-1 and Z-2 are found in 
Tables IV, V and VI and Figs. 7, 8 and 9. Nitrogen balances repre- 
senting sums of nitrate, ammonia and organic nitrogen of pure-cul- 
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Fic. 4.—Carbon transformations brought about by aeration of 
pure culture sludge Z-1 with sewage. 


ture sludge and settled liquor were quite constant throughout the aera- 
tion periods. Fluctuations in the total nitrogen of the three sludge 
sewage systems averaged — 0.8, + 0.8 and —0.1 per cent. Nitrifica- 
tion did not occur in any of the sludge-sewage mixtures. Organic ni- 
trogen of the settled liquor was low and did not change much on 
aeration. Ammonia nitrogen of the liquor decreased during periods 
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of purification, while organic nitrogen of the sludge increased an equiv- 
alent amount. Over-aeration of the mixtures resulted in a decrease of 
nitrogen content of the sludge, accompanied by increase of ammonia 
nitrogen in the settled liquor. 
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Fic. 5.—Carbon transformations brought about by aeration of 
pure culture sludge Z—1 with sewage. 


Discussion 


The oxidizing ability of a pure culture sludge of Zooglea ramigera 
was described by Butterfield (3). During a three-hour aeration pe- 
riod, pure-culture floc was reported to have removed 41 to 84 per cent 
of the oxidizable materials present in polluted water. Butterfield, 
Ruchhoft and McNamee (4) also showed that approximately 50 per 
cent of the 5-day B.O.D. of sewage was oxidized by 5 hours aeration 
with pure-culture sludges. 
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In the foregoing experimental work, it was noted that three hours 
aeration of sewages with pure-culture sludges of Z-1 and Z-2, in con- 
centrations of 1,347 and 1,777 .:p.p.m., removed 58 to 70 per cent of the 
turbidity and 67 to 90 per cent of the 5-day B.O.D. Pure-culture sludge 
Z-1, in concentration of 526 p.p.m., reduced the turbidity 87 per cent 
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Fig. 6.—Carbon transformations brought about by aeration of 
pure culture sludge Z—-2 with sewage. 


in 9 hours of operation and the B.O.D. 89 per cent. Natural activated 
sludge in concentration of 1,850 p.p.m. was shown (1) to remove 90 
per cent of the turbidity of sewage and 81 per cent of the 5-day 
B.0.D. after three hours of aeration. The same sludge in concentra- 
tion of 464 p.p.m. reduced turbidity 90 per cent and the 5-day B.O.D. 
78 per cent in 9 hours aeration. 
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TaBLe IV.—Nitrogen Transformations in the Purification of Sterile Sewage by Aeration With 
Pure-culture Zoogleal Sludge Z-1 


Solids Concentration, 1,347 P.p.m. 
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"ith The rapid initial uptake of suspended organic carbon from the 
sewage previously described in the purification process with natural 
activated sludge (1), was also evident in the purification brought about 
) by pure-culture zoogleal sludges Z-1 and Z-2. In the purification of 
| 
TaBLE V.—Nitrogen Transformation in the Purification of Sterile Sewage by Aeration With 
ze: Pure-culture Zoogleal Sludge Z-1 
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TaBLE VI.—Nitrogen Transformation in the Purification of Sterile Sewage by Aeration With 
Pure-culture Zoogleal Sludge Z-1, 


Solids Concentration, 1,777 P.p.m. 
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sewage with Z-1 it was observed that suspended organic carbon in the 
settled liquor decreased, during one hour’s aeration, from 54.0 to 35.0 
p.p.m. (Table I), a loss of 19.0 p.p.m. Inorganic carbon in the liquid 
increased 4.6 p.p.m. during this period. Only 0.7 milligrams of car- 
bon dioxide was evolved. The organic carbon of the sludge increased 
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Fic. 7.—Nitrogen transformations brought about by aeration of 


pure culture sludge Z-1 with sewage. 


from 588.0 to 605.3 p.p.m. or an increase of 17.3 p.p.m. indicating that 
the decrease in the organic carbon of the settled liquor was very closely 
accounted for by the increase in the organic carbon of the sludge. 
The same phenomenon occurred in the low solids mixture of pure- 
culture sludge Z-1 (Table II) where there was an initial loss of 25.7 
p.p.m. suspended organic carbon from the settled liquor. While 12.9 
milligrams carbon dioxide was released, there was an increase of 16.0 
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p.p.m carbon in the sludge. Similarly with Z-2 (Table III) there was 
a drop of 8.8 p.p.m. suspended organic carbon in the first hour of aera- 
tion and organic carbon of the sludge increased 14.0 p.p.m. Only 0.9 
milligrams of carbon dioxide was released during this period. The 
loss of suspended organic carbon from the settled liquor in all these 
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Fig. 8.—Nitrogen transformations brought about by aeration of 
pure culture sludge Z—1 with sewage. 


cases was therefore attributed directly to adsorption of these materials 
by the pure culture sludges. The loss of suspended organic carbon 
from the settled liquor continued until the second hour of aeration in 
the case of the pure-culture sludge Z-1 and until the third hour with 
the pure-culture sludge Z-2. From the second to fourth hour of aera- 
tion of mixtures of both sludges, organic carbon in solution decreased 
considerably. This was accompanied by an increased rate of carbon 
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dioxide production and an increase in the amount of organic carbon in 
the sludge. 

It is of interest to note that the carbon changes occurring with the 
pure-culture sludges were of the same general character as those of 
natural activated sludge previously reported (1). There was the same 
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Fic. 9.—Nitrogen transformations brought about by aeration of 
pure culture sludge Z—-2 with sewage. 


initial rapid adsorption of suspended organic carbon from the settled 
liquor by the sludge, resulting in a rapid removal of turbidity and 
B.O.D., with considerable building up of sludge and an increase in ear- 
bon dioxide production. The second phase was also similar, 7.e., the 
oxidation of soluble organic carbon accompanied by further building 
up of sludge and increase in carbon dioxide production. A third phe- 
nomenon resulting in the oxidation of the pure-culture sludge itself 
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with prolonged aeration beyond the purification period, showed a simi- 
lax decrese of the organic carbon of the pure-culture sludge accom- 
panied by au increase of organic carbon both in solution and suspen- 
sion, consid¢rable loss of carbon dioxide, and an increase in turbidity 
and B:0.¥. of the setiled liquor. 

Organic nitrogen wis only a very small part of the total nitrogen 
in the settled liquor an: did not change materially with aeration in the 
presence of pure-culture sludge. Adsorption of suspended organic 
nitrogen from the settled liquor by the pure-culture sludges was not 
evident, most likely because of the small quantity of this type of sus- 
pended matter. This too was similar to the behavior of natural ac- 
tivated sludge. Contrary to the highly nitrifying action of the nat- 
ural activated sludges in the purification of sewage, no nitrification of 
ammonia nitrogen took place with the pure-culture sludges, since the 
bacteria of these sludges are incapable of oxidizing ammonia to ni- 
trate. This observation was in accord with the results of Butterfield 
(3). Like the natural activated sludge, the pure-culture sludges as- 
similated ammonia nitrogen from the settled liquor during the puri- 
fication period, and with prolonged aeration the sludges released 
ammonia nitrogen to the liquor, which accumulated. Ammonia nitro- 
gen was released from natural activated sludge with prolonged aera- 
tion (1) but in this case, did not accumulate, since nitrifying bacteria 
present oxidized the ammonia to nitrates. 

From the foregoing discussion of carbon dioxide production by 
pure-culture sludges, the average hourly rates per 1,000 p.p.m. sludge 
solids were noted to be 1.97, 2.30 and 1.94 milligrams or an average 
rate of 2.07 milligrams per 1,000 p.p.m. sludge solids per hour. The 
average rate of carbon dioxide evolution from natural activated sludge 
was found to be 4.25 milligrams carbon per 1,000 p.p.m. sludge solids 
per hour (1). The amount of carbon dioxide liberated by natural 
activated sludge in the purification of sewage which can be attributed 
to zoogleal bacteria is therefore approximately one-half of the total. 
The remainder of the carbon dioxide released by natural activated 
sludge may be contributed by protozoa and other organisms present. 
The effect of protozoa on carbon dioxide production from activated 
sludge will be discussed in a later paper. 

The effect of aeration on the per cent carbon and nitrogen and C/N 
ratio of the pure culture sludges is found in Tables VII, VIII, IX. 
Aeration of the pure-culture sludges with sewage produced an initial 
increase in the total and organic solids of the sludge and a simultane- 
ous decrease of organic materials from the liquor. Percentage carbon 
and nitrogen remained fairly constant throughout the aeration period. 
During the initial period of aeration the C/N ratio of the sludges in- 
creased to indicate a greater uptake by the sludges of carbon than ni- 
trogen. This is explained by the fact that the sewages studied con- 
tained approximately ten times as much suspended carbonaceous 
material as suspended nitrogenous material. Prolonged aeration of 
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the sludges produced a decrease in the C/N ratio since more carbon 
was released as CO, than nitrogen as ammonia. 

From the preceding discussion of carbon and nitrogen changes, it 
is obvious that differences between low and high solids concentration 
of the pure-culture sludges in their purifying effect on sewage are 
found in the time required to bring about these changes rather than in 


Taste VII.—Changes in Solids, Carbon, and Nitrogen Content of the Pure-culture Zoogleal Sludge of 
Z-1, Upon Aeration With Sterile Sewage With an Initial Solids Concentration of 1,347 P.p.m. 
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0 1,347 164 1,183 87.8 588.0 128.5 43.7 OS [46d 
1 1,330 164 1,166 87.9 605.3 128.9 45.5 mad fi Sigs 
2 1,332 163 1,169 87.8 615.0 129.2 46.1 Of pawect 
3 1,386 180 1,206 87.0 626.4 131.0 45.2 95> Pao 1 
4 1,387 174 1,203 87.5 635.0 133.8 45.7 OG. 4.7551 
24 1,234 170 1,064 86.2 560.6 129.2 45.5 10.5 | 43:1 





* Tn sludge. 
+ On the basis of total solids. 


TasBie VIII.—Changes in Solids, Carbon and Nitrogen Content of the Pure-culture Zoogleal Sludge of 
Z-1, Upon Aeration With Sterile Sewage With an Initial Solids Concentration of 526 P.p.m. 








Aera- | Total Ash* Organic | Organic | Organic | Organic | Organic | Organic C/N 
tion Solids* | ~~ Solids* | Soiids* | Carbon* |Nitrogen*) Carbon ft |Nitrogent ¥ 


Hr. pm. |-Ppm.| Pom. | Pert: | Pipa. | Pipi: | Pert. | “Pert. 



































0 526 85 441 83.8 184.0 39.0 35.0 7.4 rt i 
6 547 86 461 84.3 200.0 42.1 36.6 7.6 48:1 
9 572 83 489 85.5 250.2 44.0 44.1 vers se argh | 

24 515 80 435 84.4 235.0 46.0 45.7 8.9 5ANs 1 

72 456 80 376 82.6 177.2 42.4 38.8 9.3 42:1 
* In sludge. 


+ On the basis of total solids. 


TaBLe [X.—Changes in Solids, Carbon and Nitrogen Content of the Pure-Culture Zoogleal Sludge 
Z-2, Upon Aeration With Sterile Sewage With an Initial Solids Concentration of 1,777 P.p.m. 








Aera- | Total Ash* Organic | Organic | Organic | Organic | Organic | Organic C/N 



































tion | Solids* Solids* | Solids* | Carbon* |Nitrogen*| Carbon f |Nitrogen ft 

Hr. P.p.m. | P.p.m.j| P.p.m. | Per Ct. | P.p.m. | P.p.m. | Per Ct. | Per Ct. 
0 1,777 204 1,573 88.5 795 172.0 44.8 9.7 4.6/1 
1 1,800 206 1,594 88.6 809 172.8 45.0 9.6 4.7/1 
2 1,830 210 1,620 88.5 827 174.2 45.2 9.5 4.7/1 
3 1,860 215 1,645 88.4 841 175.8 45.3 9.5 4.8/1 
4 1,845 211 1,624 88.6 836 180.6 45.3 9.8 4.6/1 

24 1,655 213 1,442 87.1 736 174.0 44.5 10.5 4.2/1 





* In sludge. 
+ On the basis of total solids. 
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their type and character. In this respect the pure-culture sludges are 
again identical with natural activated sludges. The prevalence of 
the zoogleal floc-forming organism Zooglea ramigera in natural acti- 
vated sludges was pointed out by Heukelekian and Littman (2). The 
similarity which has been shown to exist between the biochemical 
changes brought about by natural activated sludge and by pure-cul- 
ture zoogleal activated sludges in the purification of sewage makes the 
conclusion possible that Zoogleal ramigera is of primary importance 
in the activated sludge process. The role of the nitrifying bacteria, 
protozoa and higher filamentous organisms can be considered secon- 
dary to the purification process and much less concerned with the prin- 
cipal clarification of sewage brought about by the zoogleal bacterial 
floc. The relative unimportance of the nitrifying bacteria which may 
find conditions for nitrification favorable in activated sludge has long 
been recognized, since nitrification is neither considered an essential 
desideratum of the purification process, nor does the absence of it im- 
pair the purifying action of natural activated sludge on sewage. The 
secondary role of protozoa, in assisting zoogleal sludges to produce a 
finished effluent by their removal of free bacterial cells in the liquid, 
was indicated by Butterfield (3). Results of carbon and nitrogen stud- 
ies of zoogleal bacteria with pure-culture protozoa will be reported at 
a future date. 


Summary AND CoNCLUSIONS 


Three pure-culture zoogleal sludges in concentrations ranging from 
526 to 1,777 p.p.m. suspended sludge solids were aerated with sterile 
sewage for sufficient time to purify and for longer periods to produce 
definitely over-aerated conditions. Various carbon and nitrogen ana- 
lyses were made on settled liquor, Seitz filtrate and sludge portions. 
The results secured led to the following conclusions: 


1. Pure-culture zoogleal bacteria, Zooglea ramigera, produced floc- 
culent masses in sewage which simulated natural activated sludge and 
exerted the same clarifying and purifying action on the sewage. Tur- 
bidity of sewage was reduced 58 to 70 per cent by these pure-culture 
sludges and B.O.D. 60 to 90 per cent. 

2. The early removal of suspended organic carbon in suspension in 
the sewage by the pure-culture sludges was identical with the behavior 
of natural activated sludge. This phenomenon was attributed to ad- 
sorption. 

3. The initial removal of organic carbon in suspension was followed 
by removal of organic carbon in solution. This period of biological 
assimilation by the pure-culture sludges was accompanied by an in- 
creased rate of carbon dioxide evolution. 

4. During the purification of sewage by the pure-culture sludges, 
the amount of sludge increased due to (a) the initial rapid removal of 
suspended organic carbon and (b) the synthesis of bacterial protoplasm 
from the oxidation of the adsorbed and soluble materials. 
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5. Aeration of the sludges beyond the purification periods produced : 
(a) an increase in turbidity, (b) an increase of organic carbon in sus- 
pension as a result of deflocculation of the sludge, (c) a decrease in the 
organic carbon content of the sludge and (d) a release of carbon diox- 
ide almost equivalent to the decrease of organic carbon content of the 
sludge. These changes were likewise identical with those obtained 
with natural activated sludge and sewage. 

6. Ammonia nitrogen was assimilated by the sludge during the 
purification period of the sewage while nitrification did not occur. 
With periods of over-aeration and sludge breakdown, there was a lib- 
eration into the liquor of a part of the sludge nitrogen as ammonia, 
which accumulated. Suspended organic nitrogenous materials were 
present in the sewage in small amounts and were not materially ad- 
sorbed by the sludge. 

7. Approximately one-half of the carbon dioxide released by nat- 
ural activated sludge during sewage purification was attributed to the 
zoogleal bacteria. 

8. As was the case with natural activated sludge, variations in the 
quantities of pure-culture sludge did not alter the nature of the trans- 
formations, but changed the time needed to bring about the transfor- 
mations. 

9. The carbon to nitrogen ratio of pure culture zoogleal sludge was 
approximately 4.7/1. An increase in the ratio with the progressive 
purification of the sewage was attributed to a greater uptake from the 
sewage of carbonaceous than nitrogenous materials. 

10. The zoogleal bacterium Zooglea ramigera, thriving in sewage 
in the form of zoogleal flocs and capable of a considerable purifying 
action on the polluted water is of primary importance in natural acti- 
vated sludge. The role of nitrifying bacteria, protozoa and higher 
filamentous organisms can be considered secondary to the purification 
process brought about by the zoogleal bacteria. 
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IMPROVED SEWAGE CLARIFICATION BY PRE- 
FLOCCULATION WITHOUT CHEMICALS * 


By A. J. Fiscuer anp A. HittmMan 


Development Department, The Dorr Company, Inc., New York, N. Y. 
Westport Mill, The Dorr Company, Inc., Westport, Conn. 


The solid matter contained in sewage is generally considered to 
comprise suspended and dissolved solids. In routine sewage analysis, 
they are reported as such. The suspended solids are further classi- 
fied into two groups, viz.: settleable and non-settleable solids. These 
are approximated volumetrically by the well-known Imhoff cone test, 
or, more accurately, by gravimetric means. In the latter method sol- 
ids remaining in suspension after a definite laboratory settling period 
are filtered and weighed in a Gooch crucible. 

It has also been recognized that colloidal solids comprise a third 
solids group, intermediate between the suspended and the soluble sol- 
ids. Although these colloids may be determined separately either by 
dialysis or by coagulation, they are usually reported with the true dis- 
solved solids. The latter are obtained by subtracting suspended from 
total solids in accordance with standard methods of analysis. 

In past sedimentation practice very little attention has been paid 
to the non-settleable and the colloidal solids because it had been thought 
that these types of solids could not be removed by plain settling, no 
matter how efficient the settling unit. Numerous laboratory and plant- 
seale tests run during the past few years have demonstrated, however, 
that this old concept of primary clarification is erroneous. Suppos- 
edly non-settleable and colloidal solids can be made to settle out in a 
reasonable time under quiescent conditions or in continuous flow tanks 
by previously subjecting the sewage to a relatively short period of 
mechanical flocculation. The types of mechanisms employed and their 
method of operation may be the same as those used in water treatment 
or sewage chemical precipitation practice. 


CLASSIFICATION OF SEWAGE SOLIDS 


If the solids made settleable by mechanical flocculation and by chem- 
ical treatment are considered as distinct groups, from the standpoint 
of sedimentation all sewage solids may be broadly classified as follows: 


* Presented at the Twelfth Annual Meeting of the New York State Sewage Works As- 
sociation, New York, N. Y., Jan. 19, 1940. 
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1. Suspended Solids 
a. Settleable. 
b. Mechanically flocculable. 
c. Chemically precipitable. 
d. Filtrable. 

2. Colloidal Solids 
a. Mechanically flocculable. 
b. Chemically precipitable. 

3. Dissolved Solids 

a. Chemically precipitable. 

b. Non-precipitable. 


All of these solids except the non-precipitable dissolved matter may 
be removed by one or more steps involving plain settling, mechanical 
flocculation, chemical treatment and filtration. 


MEcHANICs oF Souips REMovAL 


When sewage is subjected to quiescent sedimentation, first the set- 
tleable suspended solids drop out. Then a portion of the ‘‘mechan- 
ically flocculable’’ solids settle. Part of these may be colloidal solids 
made suspended and settleable by adsorption on the surfaces of the 
large suspended settleable particles or by a ‘‘salting out’’ by high con- 
centration of dissolved solids. This ‘‘auto-flocculation’’ effect may be 
observed in the laboratory when solids are settled in an Imhoff cone 
and an ‘‘after precipitation’’ of solids occurs on long standing. 

In a reasonable time (two hours) about 70 per cent by weight of the 
suspended solids will usually settle out where the raw sewage sus- 
pended solids are about 200 p.p.m. In an efficient continuous flow 
clarifier, the removals would be somewhat less, say about 60 per cent. 
This is due to the inability of the lighter flocculable solids to settle be- 
cause of disturbing flow currents and because of the comparatively 
lower overflow rates that would necessarily be used in the laboratory 
due to apparatus limitations. For example, at Aurora, Illinois,* with 
weak raw sewage of 146 p.p.m. suspended solids, 100 p.p.m. or 68.5 per 
cent were removed by quiescent settling as against 94 p.p.m. or 64.4 
per cent for continuous settling. With strong sewage (286 p.p.m. sus- 
pended solids), the laboratory and plant removals were 80 per cent and 
76.2 per cent, respectively. These percentage removals will vary de- 
pending on the composition of the sewage. 

The ratio of plant to laboratory removals may be considered as a 
measure of true clarification efficiency, as this figure represents results 
obtained by actual plant operation in relation to the best results obtain- 
able under ideal conditions (quiescent settling). In the case of the 
Aurora figures cited, this efficiency figure would be 64.4/68.5 = 94 per 
cent for the weak sewage, and 76.2/80.0 = 95 per cent for the strong 
sewage. This efficiency figure might be applied in comparing settling 
units at different plants, especially where approximately the same lab- 
*From Aurora, Ill., 1932 Annual Report by W. A. Sperry. 
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oratory removals are obtained on settling the raw sewage under a 
standard set of conditions. In our tests the standard laboratory pro- 
cedure involved the use of a 10 by 6 in. flocculator jar filled with sewage 
to a depth of about 44% in. About 250 c.c. of supernatant were siphoned 
off at a depth of 1 in. after a period of one hour of quiescent settling. 
Suspended solids were determined in this sample by the usual Gooch 
crucible method. 

When the raw sewage is subjected to a preliminary step of mechani- 
eal flocculation, the frequent impacts in the flocculation step render 
settleable a portion of the supposedly non-settleable matter. This 
further increases the removal of suspended solids to about 75 per cent 
under quiescent conditions and to about 72 per cent with continuous flow. 
These figures compare with removals of 92.5 per cent and 87.5 per cent, 
respectively, where chemical precipitation is employed. Filtration of 
the effluent will, in each case, effect a further removal of solids. Typi- 
eal results that might be expected in practice under these various con- 
ditions are shown in Table I. Here the plant efficiencies are taken as 


TaBLeE I.—Relative Removal Efficiencies of Various Solids Removals Means 
Raw Sewage = 200 P.p.m. Suspended Solids 








Quiescent Continuous Flow 


Settling Settling 
% In- 


‘ Plant Ef-| crease 
Effluent Effluent ficiency | in Effi- 
Susp. % Susp. % ciency 
Solids, | Removal} Solids, |Removal 
P.p.m. P.p.m. 








Plain Settling 60 | 70 80 60 86 —_ 
Plaint Settling and Filtration 30 | 85 50 75 107 24 
Flocculation and Settling 50 | 75 56 72 103 20 
Flocculation, Settling and Filtration... 20 90 35 82.5 118 37 
Chemical Precipitation 15 | 92.5 30 85 121 41 
Chemical Precipitation and Filtration 4 | 98 15 92.5 132 54 


























the ratio of the per cent removals under the various continuous flow 
conditions to the per cent removals by quiescent settling. The per cent 
increases in efficiency due to flocculation, etc., also relate back to plain 
settling efficiency. These figures are obtained by subtracting the plant 
efficiency by plain settling from the efficiencies obtained by the use of 
flocculation, etc., and dividing by the former. 

Illustrative of the effect of mechanical flocculation as against chem- 
ical precipitation are results obtained in the laboratory at Cedar Rapids, 
Iowa. These results gave: 


Susp. Solids. Per Cent 
Removal 


After Quiescent Settling 60 Min 52.7 
After Flocculation 30 Min., Settling 60 Min 83.7 
After Chemical Treatment With 1 gr./gal. FeCl; 

Flocculation 30 Min., Settling 60 Min 93.0 
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These figures show that a major portion of the solids removed by 

chemical treatment is due to purely mechanical effects. 

; Whether the suspended solids test is a satisfactory means of de- 

| termining settling tank efficiencies is open to question, except possibly 
when used comparatively where parallel tests are run. This is true . 
especially when samples are stored, as is done when composite samples , 
are collected and held for 12 to 24 hours before they are analyzed. We 
have run many tests that show that, with some sewages, entirely dif- 
ferent average removal figures are obtained when hourly tests are run 
immediately when the samples are collected, than when the same sam- i 
ples are composited and a test run on the composite. This indicates i 
that present limitations in standard analytical procedure due to auto- 
flocculation by storage give apparently lower plant removals than are ' 
actually obtained in a plant. This also suggests that in plain. sedi- it 
mentation tanks flocculation as well as settling take place simultane- 
ously. Therefore, detention, which is of prime importance in floccu- 
lation, and area, which is of primary importance in sedimentation, may 
both have some bearing on the design of a plain settling unit. How- 
ever, where the solids are of a flocculent nature, tank surface area is 
the most important factor that affects settling tank design. This is 
fully recognized in chemical and metallurgical practice but only to a i 
limited extent in the sanitary field, such as where activated sludge 
settling is involved. It is obviously inefficient to try to accomplish two 
opposing steps, 7.é., flocculation and clarification, in a single container. 
Therefore, by separating the steps much more efficient over-all opera- 4 
tion may be realized and settling tank volumes cut to a minimum. 
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Lasporatory ExPERIMENTS " 


In order to determine the effect of pre-flocculation of raw sewage 
on various types of material, laboratory tests were run at a number 
of plants. A small model laboratory flocculator of the type shown in 
Fig. 1 was used. The paddles of this unit were 3% in. in diameter 
and were run at 14r.p.m. The jar had a capacity of about one gallon. 
After flocculating and settling for various periods, samples of super- 
natant liquor were syphoned off for suspended solids determinations. 
Early in our tests it was found that the flocs produced were so deli- 
cate that they were broken up if the sewage were transferred to an- 
other vessel after flocculation. Therefore, all samples were settled in 
the same jar in which they were flocculated. It was also found that i 
the use of small diameter vertical stirrers run at a relatively high speed j 
were absolutely unsuited to this work. The reason for this was that 
the flocs were broken up when the vertical paddles were run at a speed 
sufficient to keep the solids in suspension. 

Results obtained in these laboratory experiments are shown in 
Table II. The sewage at these various plants differed widely in quan- 
tity and character of the solids. For example: at Coney Island the 
sewage had a high chloride content due to salt water infiltration; at 
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Norwalk there was considerable rabbit fur present, due to waste from 
local hat factories; at Cedar Rapids considerable industrial waste from 
starch and cereal plants was present; at Ortonville large amounts of 
creamery waste enter the sewerage system; at Fargo and Morehead, 
although the sewage was chiefly domestic from a combined system, 








Fig. 1—Laboratory Flocculator. 


high solids were obtained at the plant because of street washings car- 
ried to the sewers by melting ice and snow during the winter period 
when these tests were run. The sewages at Lima, Aurora, Morehead 
and Sioux Falls were chiefly domestic. In addition to Fargo and 
Morehead, combined systems are employed at Coney Island, Norwalk, 
Lima, Aurora, and Cedar Rapids. Sioux Falls has a partially com- 
bined system. 

These results showed that in all cases mechanical flocculation 
greatly improved sedimentation results, increased settling efficiency 
being obtained with increased flocculation periods. In general, how- 
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ever, twenty minutes flocculation time was sufficient to cause the bulk 
of the suspended solids to settle rapidly. These results also showed 
that the flocculation not only increased the solids removals but also in- 
creased the rate of settling in every case. This would indicate that 
with flocculation greater removals could be obtained with lower clari- 
fier detention periods than have been used heretofore. 

These and other tests also indicate that the effectiveness of pre- 
flocculation depended not only on the quantity but also on the quality 
of the solids. 

As a rule, with flocculation settling proceeded more rapidly with 
higher raw sewage solids concentration unless, of course, the settling 
rate of the solids was such that rapid settling occurred naturally. 
Flocculation is usually more effective, therefore, on raw sewage than 
on settled sewage. Also, it may be greatly assisted by the return to 
the raw sewage of raw, activated or humus sludge. The presence in 
the sewage of high amounts of dissolved salts is as a rule helpful, as is 
indicated by the Coney Island results. 


Puiant-ScaLe TEsts 


Cedar Rapids, Iowa.—In order to verify our laboratory results, it 
was thought essential to obtain large-scale test data where plain set- 
tling could be directly compared with clarification following floccula- 
tion. The packinghouse waste pre-treatment plant at Cedar Rapids, 
Ia., lent itself admirably for this purpose, so with the co-operation of 
the local officials a test program was initiated at this plant. 

The test plant as shown in Fig. 2 consisted of a holding tank 70 ft. 
dia. by 10 ft. side water depth, a rate-of-flow controller, two clarifiers 
50 ft. dia. by 7 ft. side water depth, each having a volumetric capacity 
of 13,740 cu. ft., and a Flocculator 48 by 13 by 8 ft. water depth. One 
section of this Flocculator was baffled off so that it was possible to use 
only 36 ft. of its length, giving a volumetric capacity of 3,744 cu. ft. 
The Flocculator tank was equipped with four horizontal transverse 
rows of 6 ft. 6 in. dia. paddles. These were run at a constant speed of 
3.15 r.p.m. during the entire test periods. This corresponded to a 
peripheral speed of 1.07 ft. per second. The plant piping permitted 
the operation of the two clarifiers in parallel, with the Flocculator pre- 
ceding only one clarifier. The holding tank and rate-of-flow controller 
were used to maintain constant flow through the clarifiers during each 
test run. 

Rather than conduct the tests on straight packinghouse wastes, 
which may not be representative in considering the treatment of do- 
mestic sewage, the plant operation was so changed that chiefly domestic 
sewage was sent to the test plant. In our first series of tests this was 
accomplished by diverting the packinghouse flow to the main sewage 
flow at what is known as the Second Street pumping station. This 
allowed us to take approximately 1,000 g.p.m. of strictly domestic sew- 
age from the Second Street sewer into the test plant. As we needed 
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about 1,800 g.p.m., this flow was augmented by taking 800 g.p.m. of 
the mixed flow, which contained 22 per cent of packinghouse waste. 
Therefore, the percentage of packinghouse waste entering the test 
plant was cut to about 10 per cent. During our second test series we 










CLARIFIER NOI 
$0 DIA.X 7°S.W.0. 


FLOCCULATOR 
43'X13'x8'wo. 


wet WELL\ 


TO 
DOSING 
TANK 5 
FLASH 
MIXER 








HOLDING TANK 
































7O0'DIA.X 10'SWO. 























CLARIFIER NO. 2 
50' DIA. X 7'S.WO. 





SCUM AND GREASE \\ 


COLLECTION 
FROM TANK 
PACKING 
HOUSE 


Fig. 2.—Packing house pre-treatment plant—Cedar Rapids, Iowa. 


merely diverted all the packinghouse waste to the domestic sewage flow 
and then pumped a portion of this mixture to the test plant. This gave 
us a mixture containing approximately 20 per cent of packinghouse 
waste. 

During all test runs, samples of plant influent and of each clarifier 
effluent were taken every two hours and daily composites made for pH 
value, settleable solids, and suspended solids analyses. B.O.D.’s were 
run periodically during the first period, but daily during the second 
period. All analyses during the first period were run by Dr. Walker, 
the plant chemist. 

In our first test period the flows to each clarifier were varied in 
order to determine what greater percentage flow could be taken through 
the Flocculator-clarifier combination without adversely affecting the 
percentage of solids removals. In the second period equal flows were 
sent to each clarifier in order to determine the increase in plant effi- 
ciency by flocculation as measured by suspended solids removals. The 
length of each test period was about one month. Summarized results 
of the suspended solids and B.O.D. data obtained in these tests are 
given in Table III. 
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If we consider the suspended solids test as the criterion of settling 
efficiency in parallel tests such as these, we can evaluate the increase ; 
in efficiency due to flocculation, as already discussed. These figures 
are shown in Table IV, along with the ratio of flows treated in each a 


Tasie IV.—I/ncrease in Settling Efficiency Due to Pre-Flocculation at Cedar Rapids 























Increase in . 
Clarifier Detenti Fl t 
Test | Raw Sewage Per Cent - goa agian a 
No. Susp. Solids, Removal | Flow to Flocculator-Clarifier 
P.p.m. Due to aia Flow to Clarifier 
| Flocculation | With Floc. | No Floc. 
aa | 
1 | 258 19.8 i9 | iw | 1.0 
2 | 208 36.6 19 | #19) | 1.0 
So) 280 6.9 1.4 | 2.9 | 2.35 
1 | om | 7.0 1.25 3.8 3.33 
Diy 266 50.0 3.8 3.8 | 1.0 
6 257 24.1 2.5 2.5 1.0 
a? 384 | 12.0 1.9 1.9 1.0 
8 410 | 8.4 1.5 | Lo 1.0 








case. This tabulation shows that at the same efficiency, clarification 

capacity was more than tripled by the use of pre-flocculation. It also 

shows that at the same flow the effectiveness of the flocculation step 
was increased by increased Flocculator and clarifier detentions where ‘ 
the solids were initially difficulty settleable. Unfortunately during the 
last two runs the strength of the raw sewage was abnormally high and 
the solids readily settleable. These results are therefore not directly 
comparable with those of the other tests. They do check on laboratory 
observations, that with strong sewages that settle readily by plain sub- 
sidence the effectiveness of flocculation is reduced at very short clari- 
fier detentions. In continuous flow tests such as these, the reduced 
efficiency of flocculation in these latter runs was also probably partly 
due to the carrying of the light floceulant solids over the effluent weir 
by the flow currents. 

Two factors existed in these tests that favored the flocculation step. 
These were the maintenance of substantially equal flows during each 
test and the use of relatively low clarifier overflow rates. A detrimen- 
tal factor, however, was the disturbing velocity at high flows in the 
14 in. siphon feed pipe between the Flocculator and the clarifier. Tests 
showed that there was a definite floc break-up, especially when the ve- 
locity exceeded about 1.5 ft. per second. This was determined by care- 
fully collecting samples of the flocculated sewage from the Flocculator 
before it entered the siphon, and from the clarifier feedwell after the 
siphon. Both samples were settled in the laboratory and determina- 
tions made of suspended solids remaining in suspension after one hour. 
Some typical results of these tests are given in Table V. 
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Laboratory control tests were run during the second test period. 
Typical laboratory as compared to plant results are shown in Table VI. 
These results show that it is very essential to select definite laboratory 
flocculation and settling periods in determining plant efficiencies. Lab- 





TaBLe V.—Effect of Siphon Velocity on Floc Break-Up (Cedar Rapids, Ia.) 

















Suspended Solids, P.p.m. 














































Siphon ee 
a After Settling 
t./Sec. 
sea Before Settling ~ 
| Before Siphon After Siphon 
0.9 130-135 49 52 
1.4 272-288 87 92 
1.8 318-319 | 73 85 
2.3 351-370 81 90 








oratory periods of about 30 minutes flocculation and 1.0 hr. settling 
closely approximates results obtained in actual plant practice at Cedar 
Rapids with plant flocculation and settling periods of 40 minutes and 
2.0 hours, respectively. 


Taste VI.—Laboratory vs. Plant Suspended Solids Removals (Cedar Rapids, Ia.) 









































| Test 1 | Test 2 Test 3 Test 4 
| Lab. | Plant} Lab. | Plant} Lab. | Plant} Lab. | Plant 
Flocculation Period, Min........ Jase] OO 53 60 45 29 40 17 34 
Conoco teh: re | 2.6 2.6 2.0 2.0 1.0 2.0 0.75} 1.5 
Suspended Solids, P.p.m. | 
sop US |276 |276 |414 |414 |406 |406 | 472 | 502 
Sete Bamvent. .........6...2.05 102 | 187 106 {2238 |103 |126 | 232 149 
Floe. and Settled Effluent......... 66 | 108 62 |}170 |1538 |168 | 175 105 
Solids Reduction, Percent | 
Unule.t On [28 oe 63.0] 32.3} 74.5] 46.2] 62.4] 58.7] 50.9] 68.5 
Floc. and Settled.................] 76.1] 60.8] 85.0] 59.0] 74.7| 69.0] 63.0] 77.8 
Plant Efficiency, Percent 
CS. On 51.3 61.9 94.0 134.5 
ed Oe Ot 96.3 79.1 110.5 152.8 
Increase in Efficiency, Percent, | 
TO roo OO er 87.7 27.1 ib Gi9 13.6 








Ypsilanti, Michigan.—Following the Cedar Rapids work, a second 
detailed series of plant tests was carried out under variable flow con- 
ditions at Ypsilanti, Michigan. Here a special type of combination 
elarifier-Flocculator was installed to operate in parallel with a plain 
clarifier. The special combination unit termed a ‘‘Clariflocculator’’ 
is shown in Figs. 3 and 4. It consisted of a Flocculator and a clarifier 
concentric and circular in plan, the Flocculator compartment being sus- 
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pended in the clarifier above the clarifier floor. Mechanisms were 
provided in each tank, both mechanisms and the Flocculator tank being 
supported on beams spanning the clarifier tank. The Flocculator was 
18 ft. diameter by 8 ft. 3 in. deep and had a volumetric capacity of 
2,070 cu. ft. The clarifier was 40 ft. diameter by 9 ft. side water depth, 
having a floor slope of 2 in. per foot. The total tank volume was 12,700 
cu. ft., so that the clarifier volume was 10,630 cu. ft. The plain clarifier 
was similar in size and shape to the combination unit, the only differ- 
ence being that instead of being equipped with a Flocculator for Floc- 
culator tank it was fitted with a standard feedwell. The plant was 
designed to treat a flow of 1.5 m.g.d. of strictly domestic sewage from 
a separate system. 


Fic. 4.—Clariflocculator—Ypsilanti, Mich. 


The Flocculator mechanism consisted of a rotating paddle made up 
of a series of V-shaped vertical blades extending up from two horizon- 
tal arms supported from a vertical drum. Intermeshing with these 
vertical blades were four sets of downwardly extending stationary V- 
blades that were supported from beams above the liquid surface. Two 
substantially horizontal flat blades set at an angle and attached to the 
lower end of the rotating paddle served to prevent segregation of solids 
on the floor of the Flocculator tank. 

Feed was introduced into center of the Flocculator at its surface 
through a siphon feed pipe by way of an inner vertical drum, which 
also served to support the clarifier mechanism arms. It then passed 
to the clarifier through a central opening in the floor of the Flocculator 
tank. Originally this opening was 9 ft. in diameter and was baffled by 
a horizontal plate about 10 ft. in diameter and so spaced that the ve- 
locity of flow between the Flocculator and the clarifier was 0.4 ft. per 
sec. at average design flow. 

The purpose of extending the clarifier compartment beneath the 
Flocculator tank was to allow uniform feeding of the clarifier as far as 
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e possible from the overflow weir, and to utilize as effective settling area 

, and volume that hopper portion of the main tank beneath the Floccula- 
3 tor. 
; Routine plant and laboratory tests were carried out daily over a 
period of eight months at this plant. The chief tests were for sus- 
) pended solids, on catch and hourly composite raw sewage and effluent 


samples. For convenience, and to reduce change in samples by stor- 
age, day (8 A.M. to 3 P.M.) and night (4 P.M. to 7 A.M.) composites 
were analyzed separately immediately after collection. 

Other special tests made consisted of comparisons between the 
plant and laboratory Flocculator performance. Determinations of the 
effect of different storage periods on settling efficiency were also made. 

Besides plant tests at various average flows and at various Floccu- 
lator speeds, changes were made in the construction of the Flocculator 
tank floor. The purpose of these changes was to determine the least 
partition area required to prevent the agitative effects produced in the 
Flocculator from disturbing settling in the clarifier. In all cases, con- 
tinuous runs of at least one week’s duration were made before any 
changes were made. 

Due to low flows entering the plant at the start of our tests, it was 
necessary to divert a major portion of the flow into one unit at a time. 
This was done to obtain data with and without flocculation at a rea- 
sonable detention period, which we considered to be two hours. Aver- 
age computed 24-hour composite results of these tests covering a pe- 
riod of ten weeks are given in Table VII. These results show that 


Taste VII.—Clariflocculator vs. Clarifier—A pprox. 2 Hours Detention (Ypsilanti, Mich.) 





























Clariflocculator 
Clariflocculator Clarifier (Flocculator 
Not Operating) 
COP Droits) Alo 6 ore 2.06 2.12 2.27 
Overflow Rate, Gals. per Sq. Ft. per 24 Hr... . 882 861 808 
Suspended Solids, P.p.m. 
IT EROS co lS ey sus 211 230 174 
ig hide 0) ie). re 77 106 78 
Laboratory Settled................... 61 63 48 
Lab. Floc. and Settled................ 36 38 30 
Removals, Percent 
RN OR Cee ee Ahn NN ke 63.5 53.9 55.2 
BAD, BOUUHNE 0s ccd cee es re 71.2 72.4 72.7 
Lab. Floc. and Settling............... 83.0 83.6 82.7 
Plant Efficiency, Percent.................. 89.1 74.4 75.8 
Increase in Plant Efficiency, Percent, Over 
LggS 1) LE hn rr 19.9 — — 





greater removals and improved efficiencies as measured by laboratory 
comparisons were obtained in the Clariflocculator operating with 
slightly less detention than the plain clarifier. They also show that 
with the Floceulator mechanism shut down, the Clariflocculator gave 
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about the same removal and efficiency as the plain clarifier. This indi- 
cates that the method of feeding the clarifier compartment in the special 
unit was satisfactory. 

In view of the stronger sewage being handled when the plain clari- 
fier was under test, it is evident that the 9.6 per cent improvement in 
removal shown for the Clariflocculator does not adequately show its 
relative superiority. A fair comparison may be made, however, by 
comparing the ratio of plant to laboratory removals (plant efficiency) 
in each case. In these particular tests the increased efficiency due to 
flocculation is shown to be about 15 per cent, while the per cent increase 
in per cent efficiency is 19.9 per cent. 

The laboratory results were remarkably consistent for all the runs 
made. Sixty-minute settling periods were used, while with flocculation 
and settling the periods were 15 minutes and 45 minutes, respectively. 

During all these and succeeding plant comparative runs, the Floc- 
culator peripheral speed was held at 1.4 ft. per second. This speed 
was selected because special tests had shown it to be the most efficient. 
This is clearly shown in Table VIII, where results of comparison of the 


TaBLE VIII.—Effect of Flocculator Speed on Flocculation Efficiency 








Suspended Solids, P.p.m. 


Flocculator % Removal % Efficiency 


Peripheral Effluent After 
Speed, Raw _ Plant Floc. Removals 











Sew- 
Ft./Sec. Plain | Plant | Lab. | Plain | Plant | Lab. | 14>. Floc. Removals 


age 
Sett. | Floc. | Floc. | Sett. | Floc. | Floc. 





296 63 39 45 | 78.7 | 868 | 848 101.0 
237 117 57 69 50.6 | 75.8 | 70.9 106.8 
308 114 46 60 63.0 | 84.9 | 80.4 105.5 
346 120 42 72 65.3 | 87.8 | 79.1 110.6 
302 102 38 | 61 66.1 | 87.2 | 79.8 109.2 





























plant unit with a laboratory Flocculator are tabulated. During these 
tests the total detention period in the plant unit was held at 2.2 hours 
so that the flocculation period was 22 minutes. A special technique 
had to be developed to obtain samples from the bottom of the plant 
Flocculator without breaking up the floes. This was best accomplished 
by the use of a wide-mouth bottle that could be vented by means of a 
rubber tube extending above the liquid level. The bottle was attached 
to a pole on a swivel and lowered upside down, as shown in Fig. 5. 
When the bottle was in proper position, the pinch clamp was opened 
so that the entrapped air could be slowly displaced by liquid. Then 
after it was filled, the bottle was turned upright by a second cord at- 
tached to the swivel. The bottle was then raised to the surface. In 
this way floc break-up due to a sudden out-rush of air as the bottle 
filled was avoided. 
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Average results of a second series of plant tests with both the Clari- 
flocculator and the plain clarifier operating in parallel are shown in 
Table IX. These tests were run for twenty-four weeks and are di- 
vided up into two periods, one of fourteen weeks at total detentions of 
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Fig. 5.—Apparatus for collecting flocculated samples below liquid level without break- 
ing up floes. 


approximately two hours, and another at relatively long detentions 
(about 5 hours). The latter tests were run by the regular plant oper- 
ating staff. 

The results at the lower detentions showed that where about equal 
flows were put through both units, a 22.9 per cent increase in per cent 
removals was shown for the Clariflocculator. On the other hand, 
where about the same removals were obtained it was possible to pass 
29.9 per cent more flow through the combination unit. This indicates 
that at Ypsilanti, within the range of flows used, about 1 per cent in- 
crease in removal of suspended solids is equivalent to about a 1.5 per 
cent increase in flow. With this as a basis, the increased efficiency due 
to flocculation may be determined even though both removals and flows 
varied. The average figures show that the Clariflocculator was capable 
of handling 35 per cent more flow than the plain clarifier to give the 
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same removal, or it gave a 23 per cent greater removal of suspended 
solids at the same flow. 

The tests at long detentions showed that although the plant unit 
removals and efficiencies were increased the per cent increase in effi- 
ciency for the Clariflocculator decreased. This indicated that at 


TaBLE IX.—Clariflocculator and Clarifier Operating in Parallel (Ypsilanti, Mich.) 











Tests at Long 
Detention Periods 





| Tests at Short Detention Periods 


Equal Flows Tests with 
| All to Each Unit 15-40% Equal Flows 
| Tests (+10% More Flow to to Each Unit 

Variation) Clariflocculator 








Total Detention, Hr. 
Clariflocculator 
Clarifier 
Overflow Rate, Gals. per Sq. Ft. per 
24 Hr. 
Clariflocculator 
Clarifier 7 
Suspended Solids, P.p.m. 
Raw Sewage 
Clariflocculator Eff... . 
Clarifier Eff 
DAS) CoC 
Lab. Floc. and Settled 
Removals, Percent 
Clariflocculator 
Clarifier 
Lab. Settling 
Lab. Floc. and Settling 
Plant Efficiency, Percent 
Clariflocculator 
Clarifier 
Increase in Plant, Percent 
Removals for Clariflocculator. . . . 
More Flow to Clariflocculator, Per cent 
Increase in Plant Efficiency, Percent, | 
for Clariflocculator 
A (At equal flow)........... 21.6 | § 23.8 13:1 
B (At equal removals) 32.4 | | 35.8 | 19.7 


| 
1.93 




















Ypsilanti separate flocculation is more effective at lower overall deten- 
tions. This is undoubtedly due to auto-flocculation taking place in the 
plain clarifier. Even at these long detentions, however, a considerable 
advantage is shown for pre-flocculation. 

Additional test runs made showed that no disturbance took place 
in the clarifier compartment if the bottom circular baffle over the open- 
ing in the Flocculator tank floor was removed. It was also found that 
increasing the bottom opening to 13 ft. in diameter did not affect re- 
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sults. If the entire floor was removed, however, results obtained in the 
combination unit were the same as in the plain clarifier. 

In general, catch sample tests run daily during the daytime showed 
better plant removals than did composite samples collected during the 
: same periods. Erratic results were obtained in attempts to show that 
storing samples for 24 hours or 48 hours affected the suspended solids 
analysis. Some tests showed little or no difference, while others 
showed lower removals due to storage. 


Frevp oF APPLICATION 


Mechanical pre-flocculation is apparently effective in increasing 
raw sewage settling efficiency for most types of sewage. That this is 
true with sewage encountered in countries other than the U. S. is indi- 
‘ated by numerous tests made in England, Holland and Germany. 
Typical of these tests are average results obtained on a number of dif- 
ferent English sewages as shown in Fig. 6. 
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Fig. 6.—Average graphs showing comparative clarification of raw sewage with and without 
preflocculation. From tests on a number of different English sewages. 


Another extensive field of application is in the treatment of trick- 
ling filter effluents ahead of settling, particularly where high filter load- 
ings are employed. Results obtained at Sioux Falls using a special 
type of floceulator and a clarifier with special features are shown in 
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Table X. The trickling filters were operated at standard low rates and 
were dosed with a mixture of settled domestic sewage and packing- 
house waste. These results show a definite improvement in settling 
due to flocculation. Here again, as these tests were not run in parallel 


TaBLE X.—Effect of Pre-flocculation on Settling Trickling Filter Effluent (Sioux Falls, S. D.) 








Test 1 Test 2 





Floc.- Plain Floc.- Plain 
Clar. Clar. Clar. Clar. 
(8 days) (8 days) | (6 days) | (4 days) 





Flow, M.G.D 3. 3.36 3.19 3.04 

Detention, Hr ; 1.21 1.27 1.33 
Overflow Rate, Gal. per Sq. Ft. per 24 Hr.......| 134: 1345 1280 1220 

Suspended Solids, P.p.m. 

Influent : 28 221 81.4 84.6 

Effluent 137 68 81.2 

Lab. Settled | Oe 78 46.8 57.5 

Lab. Floc. and Settled ‘ 57 38.4 50.8 

Removals, Percent 

51.6 38.0 16.5 4.0 

74.3 64.7 42.5 32.0 

| Ly 74.2 52.8 40.0 

Efficiency, Percent | 69.4 58.7 38.8 12.5 





Increase in Plant Removal, Percent, for Floc.-Clar.| 35.8 312.0 
Increase in Efficiency, Percent, for Floc.-Clar..... 16.5 210.0 











if would not have been possible to compare results on a rational basis 
if laboratory analyses had not been run simultaneously. This can read- 
ily be seen from the wide variation in the per cent increase in plant re- 
moval and per cent increase in efficiency figures for the special unit. 

An interesting visualization of the action taking place when trick- 
ling filter effluent is pre-flocculated may be obtained in Fig. 7. This 
photo shows samples of trickling filter effluent at a biofiltration plant in 
Hilversum, Holland, where a Clariflocculator of a type slightly differ- 
ent from that at Ypsilanti is used for final settling. Cylinder 1 con- 
tains trickling filter effluent taken at the filter. Cylinder 2 contains the 
same material at the entrance to the Flocculator tank. Cylinder 3 con- 
tains a sample collected at the outlet of the Flocculator after 30 min. 
flocculation. It will be noted that the flocs in this third sample are very 
large. They had a high settling velocity. 

That mechanical flocculation may even be employed to improve the 
clarification of activated sludge is shown by the data presented in Table 
XI. These tests were run at Sioux Falls. In the second test, where 
the sludge had very poor settling characteristics due to disturbance by 
gas released by denitrification, flocculation was particularly helpful. 
These results suggest ‘that mechanical flocculation is more effective 
than air flocculation. This is probably due to high floc-breaking pe- 
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ripheral velocities being required in air flocculation to prevent solids 
segregation. 

A comparison of the laboratory tests using a short tube, long tube 
and Flocculator jar given in this table is of special interest. In the de- 
tention tests, settling was carried out under quiescent conditions. The 
short tube was a standard graduated liter cylinder. The long tube 
consisted of a glass tube about 3% in. in diameter by 6 ft. long. It was 


Fig. 7.—Samples of trickling filter (Biofilter) effluent— 
Hilversum, Holland. Sample 1—At filter outlet. Sample 2—At 
inlet to Flocculator. Sample 3—At Flocullator outlet. 


fitted with tubulatures at one-foot intervals so that samples could be 
collected from these various levels. These tests show that within the 
range of overflow rates tried, 2.¢., from 0.45 in. to 4 ft. per hour (81 to 
720 gal. per sq. ft. per 24 hrs.) little difference in settling rate was ob- 
served. All the results, however, were better than obtained in the 
plant, which was being operated at a 9.2 ft. per hr. (1,660 gal. per sq. 
ft. per 24 hr.) overflow rate. 

In the long tube overflow tests, feed was introduced and effluent 
drawn off continuously, the vertical rise of the liquid being maintained 
at 7.07 ft. per hr., which is equivalent to 1,270 gal. per sq. ft. per 24 hr. 
As the material was fed at a depth of 5 ft. and overflowed 4 ft. above 
this point, the detention period was 0.57 hour. These overflow tests 
gave results more in line with actual plant operation. In order to run 
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laboratory tests at the same overflow rate and detention as the plant, 
it would have been necessary to use tubes about 12 ft. in length. 

Where tests were run in a similar manner on raw sewage or trick- 
ling filter effluent, it was shown that the effects of wide divergence in 
overflow rates were more pronounced. 


TaBLE XI.—Flocculation of Activated Sludge (Sioux Falls, S. D.) 


Suspended Solids in Test 1 Test 2 
iva te 3c | TCC ae 3,284P.p.m. 3,570 P.p.m: 
Plant Clarifier Effluent, 1.1 hr. detention... . eNO AI tse 2 26 81 
Short Tube Detention, 1.1 hr. detention................... 18 60 
Long Tube Detention, 1.1 hr. detention (1 ft. level)......... 10 45 
Long Tube Detention, 1.1 hr. detention (2 ft. level)......... 16 46 
Long Tube Detention, 1.1 hr. detention (3 ft. level). ........ 15 41 
Long Tube Detention, 1.1 hr. detention (4 ft. level)......... 13 49 
Long Tube Detention, 1.1 hr. detention (5 ft. level)......... 12,160 (sludge) 14,000 
Long Tube Overflow, 7.07 ft./hr. overflow.rate.............. 26 70 
Flocculator Jar Detention, 30 min......................... 17 62 

POR MMNMNNN 58 acs oo Sos la enccooaisie ese coteves e's 16 54 
MMR LAs <a trains aan e 12 43 
Flocculated 30 min., Settled 30 min........................ 11 43 
Flocculated 30 mins., Settled 60 min...... pense tds eas 6 22 
Flocculated 30 mins., Settled. 90 min....................... 6 12 


Practica, Puant Design FEATURES 


Based on present plant operating data, it appears that where pre- 
flocculation is employed in the treatment of raw sewage, minimum floc- 
culation periods of 30 min. and settling periods of 1.5 hr. should be 
used. Clarifier overflow rates should not exceed 800 gal. per sq. ft. per 
24 hours. Suspended solids removals secured with this combination 
should be better than where 3.0 hr. of plain settling without floccula- 
tion are used. All these figures are based on average daily sewage 
flow. Results better than 2.0 hr. plain settling should be obtained with 
30 min. flocculation, followed by 1.0 hr. settling at about a 1,000 gal. 
overflow rate. However, in this case the low detention and high over- 
flow rate at peak flows may seriously impair the effectiveness of the 
combination. Where it is desired to secure high removal of suspended 
solids generally not obtainable by plain settling alone, 30 to 40 min. 
flocculation followed by 2 hr. settling at a 600- to 800-gal. overflow rate 
is recommended. In general it is preferable to design the clarifiers on 
an area basis, keeping them as shallow as practicable. Flocculator 
peripheral speeds and transfer velocities of the flocculated material to 
the clarification zone should not exceed about 1.5 ft. per second. Kddy 
currents due to change in flow direction, etc., should be avoided as much 
as possible at the Flocculator discharge and clarifier inlet. 

In the treatment of trickling filter effluents about the same floccula- 
tion periods should be used as with raw sewage. Clarifier detention 
based on average flow, however, may be somewhat less and overflow 
rates proportionately higher. Under average conditions about a 1.0 
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hr. detention at an overflow rate of 1,000 to 1,200 gal. per sq. ft. per 24 
hr. should be adequate. 


Economic CoNSsIDERATIONS 


On the basis of increased solids removal, pre-flocculation is of defi- 
nite economic value as it affords a low cost method for improving clari- 
fication efficiency. 

Where Flocculator-clarifier combinations are compared with clari- 
fiers alone on the basis of increased capacity at the same clarification 
efficiency, analyses show a saving in installation costs in favor of pre- 
flocculation. 

Due to the slight improvement in results indicated in activated 
sludge settling where good settling conditions prevail, it is debatable 
at this time whether the use of a Flocculator between the aeration and 
settling steps of an activated sludge plant can be economically justified. 


PRESENT STATUS 


That flocculation of raw sewage and trickling filter effluent is be- 
coming increasingly popular is shown by the large number of installa- 
tions using this principle that have been placed in operation or under 
construction during the past three years. It is conservatively esti- 
mated that over twenty plants are now in operation on raw sewage 
flocculation alone, using either separate units or combination type ma- 
chines. Of the latter the 100-ft. diameter unit at Bakersfield, Cali- 
fornia, is the largest. 

Judging from the very favorable results reported at a number of 
installations originally designed for chemical precipitation, but where 
pre-flocculation without chemicals is now being employed, it will be a 
long time before chemicals will be required at these plants. 


SUMMARY AND CONCLUSIONS 


This paper presents laboratory and plant data that show that sew- 
age clarification may be improved by the use of pre-flocculation with- 
out chemicals. Particular emphasis is placed on the advantages of 
this principle in the primary treatment of raw sewage. 

General conclusions that may be drawn from this work are as fol- 
lows: 


1. Laboratory tests showed that pre-flocculation increased the rate 
of settling and removal of suspended solids from raw sewage, trickling 
filter effluent and aeration tank (activated sludge) effluent. 

2. Plant tests on raw sewage at Cedar Rapids with constant flows, 
and at Ypsilanti with variable flows demonstrated that improvements 
as indicated by laboratory tests may be obtained in actual practice. 

3. Plant results on trickling filter effluent at Sioux Falls with con- 
stant flows were also in general agreement with laboratory tests. 
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4. Pre-flocculation may be used to advantage in sewage clarification 

for either increasing the removal of suspended solids or increasing 
clarifier capacity or both. 

5. The suspended solids test is of questionable value in determining 
the true efficiency of a settling tank, due to possible change in the sam- 
ples during storage and because the test does not take into considera- 
tion flocculatable and non-settleable solids. 

6. A more exact method of measuring the efficiency of a clarifier is 
to take the ratio of the plant removals to laboratory removals under 
fixed quiescent conditions. This method might be used in comparing 
sedimentation units at different plants. 

7. At average design flow, minimum Flocculator detentions of 30 to 
40 minutes and clarifier detentions of 1.5 to 2.0 hours with a maximum 
overflow rate of 800 gal. per sq. ft. per 24 hr. are recommended for raw 
sewage flocculation. 

8. For trickling filter effluent treatment, 30 minutes flocculation and 
1.0 hour settling at a 1,000 gal. per sq. ft. per 24 hr. overflow rate should 
be satisfactory. 

9. More consideration should be given to area and overflow rates 
than to detentions in the design of settling tanks where flocculation is 
employed. 

10. Due to the fragile nature of some of the flocs produced by pre- 
flocculation, the inlet and outlet disturbances should be held to a mini- 
mum and velocities in and after the Flocculator should not be allowed 
to exceed about 1.5 ft. per second. 

11. In general, pre-flocculation is economically justified in the treat- 
ment of raw sewage or trickling filter effluent ahead of settling. Its 
use in the case of activated sludge settling is questionable where good 
settling conditions prevail. 

12. An indication of the popularity of pre-flocculation is its exten- 
sive use during the past three years. Its more general application with 
either separate Flocculators and clarifiers or combination type units is 
predicted. 
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Discussion 


By Harry W. Geum 


Assistant, Dept. Water and Sewage Research, New Brunswick, N. J. 


The mechanical removal of suspended solids from sewage by com- 
pact and economical devices offers a definite challenge to chemical 
treatment. Fischer and Hillman eall attention to the fact that the 
final effluents produced by chemical treatment processes, as compared ‘ 
to a combination of flocculation, sedimentation and filtration, are simi- 
lar in suspended solids content. By way of further verification we col- 
lected data from 23 plants in this country employing chemical treatment 
processes of various types (Table I). The average suspended solids 


TABLE I.—Suspended Solids Contents of Effluents, Parts per Million 


Chemical Flocculation 
Treatment, Settling and 

Plant No Filtration Filtration 
To, a ee ea 24 40 
FPR MEE 9.555, Gao race Seb. Pas abaire epee Tne icles SoS Tere ate 60 54 
BASE EU RMERES easy 8 xo oxen cya, des deviberater telus tone oveeserasalne es loser 53 52 
Ae RMT MEE NON sos 5isi nc Sie cere Rsv are one owe mee eee elas bie wate 95 60 
CON EAS 010 A hh a ne 49 49* 
LONE ES Been = See Re ee ee ee 39 
POR ERE OR OED 6655595 aire 6 ugh Sua Sis datas anh ede aoa De hat’ — 52t 
IIT Ash og BBO os So ave Sia aa wae. satin. Sis tes arcu eshe — 28 
TUNES S020 Fears areca te A Mer naks weer a lavtns 57 49 
TR cca eh perk bow Rte AOD OO eee evere ane 56 = 
REPRO ice Pace oh LG eee deere Maina te ayes saa ornate — 58 
ERIN ce or yc te dois ia eng Ne eth dita orate idee ats 21 — 
Re eta oie Soret Shen ney o.sn oS NS eatpb tangas laerdus. rw We Spbesoy 2D — 
LOL ESTs Ea aa ee eee 40 -- 
ERNE ERIN Sars ios Sus aks. vw ae canealtac one tise tile 58 — 
RPMS he Sed la acca ha a/elat Date Raed tel ieee Gintevatpughes 36 
BORNE Scars eva ce ty Gus/d Sand RUE ashen GINS RS Wa Mip: 8M Balers 26 
SPRITE Ones CL dire hace ae ensrehee Sue eleee 44 
NAAN TER DTSTINNe ore, 5 Sens aes adn Aad beh Aenea tne slew 41 
TRIN fhe A ie Oa dO late ie GERI ogy cia anit 54 
UR TRIC To hos lai heres a stints SRN ee ea eons aS 15 
POS ON NNO oor Rial: on aye ie eens eel eteid gw arate 12 
USES SIS GO Se aan ee ee ee 44 
NUN RER ee a ee kg 5 cee sas'afo.0 SSG eho Syeiioe Nw aL do apenas 40 
PRI PASE TETABOT LORS cig cov tas elo Wve ve wid clave ahaa oleae ae ass 48 
PREM eo SR ocak tcc ons seat tove bre De RIN olen SiR a ols 53 

Re Nach ets UE Note eters een tet Ae tat acd 44 49 


* Pilot Plant tests. 
t Calculated from settled effluent and filter guarantees which were met. 


content of the effluents produced without filtration was 44 p.p.n. 
Nine of these plants have been operated with flocculation, sedimenta- 
tion and filtration, giving effluents containing an average of 49 p.p.m. 
suspended solids. 
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It is apparent that the results were practically the same in the case 
of each process. It is true that the chemical effluents have generally 
a better appearance than the mechanically clarified ones due to the fact 
that the solids are in a coagulated rather than in a dispersed state. 
However, in either condition the solids are oxidizible and the B.O.D. 
contents of the two types of effluents are substantially the same. It 
is conceivable that longer periods of flocculation followed by sedimen- 
tation and filtration might give almost complete clarification, but by 
reducing further the suspended solids in the liquor fed to the filters 
the removal by filtration would be impaired and hence the final results 
little improved. To increase removals by flocculation substantially 
over those obtained in one-half hour would require much longer floc- 
culation periods, necessitating a much higher capital cost. The ideal 
set-up for mechanical clarification appears to be one-half hour floccu- 
lation and one to two hours settling, followed by filtration. 

Improvement in the mechanical devices involved may put chemical 
treatment in the background unless it is improved to give, consistently, 
practically complete clarification without excessive chemical cost, or 
effluent filtration. Operators refuse to double their chemical costs in 
order to produce an effluent under 25 p.p.m. suspended solids, as is 
evidenced by the results presented. Most of the plants have obtained 
greater removals when they have applied higher chemical dosage but 
have found the cost of the small additional removal too high. An- 
other factor working against high average removals is the variation 
in coagulant demand of sewage, which is rather hard to keep up with, 
especially if industrial wastes are received in the sewage. Others are 
troubled with sewage that just won’t treat well and still others have 
poor sedimentation facilities. A few plants obtain almost complete 
clarification without excessive chemical application but these appear 
to be very much the exception rather than the rule. 

The laboratory results on flocculation presented in Dr. Fischer’s 
paper were compared to similar information collected by our labora- 
tory. Inspection of these data showed that removals were a straight- 
line function of strength; the removal by flocculation increasing as the 
suspended solids content of the raw sewage increased (Fig. 1). How- 
ever, the removals obtained with mid-western sewages were greater 
than those with eastern sewages. We believe that these differences 
might be due to the character of the waters involved. The eastern 
sewages originated from soft surface waters while the western came 
from hard waters. This explanation is reasonable, for tests have 
shown that the chlorides and sulfates of calcium and magnesium have 
some coagulating activity when applied to sewage, prior to floccula- 
tion and settling. Five hundred p.p.m. of calcium or magnesium 
chloride as calcium carbonate will increase the removal obtained by 
flocculation and settling over 50 per cent. We do not believe this to 
be a salting out effect, however, as it cannot be reproduced with mono- 
valent salts. 
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The speed of the paddles in flocculations was shown to be of little 
importance to the process, within reasonable limits. It is fortunate 
that the higher peripheral velocities are permissible, for in our ex- 
perience the lower speeds allowed objectionable sedimentation in the 
Flocculators when raw sewage was treated. This difficulty was prac- 
tically eliminated by increasing the peripheral velocity from 0.6 to 1.4 
ft. per second without impairing the results obtained. In fact better 
results were obtained when the sludge nuisance was eliminated. 
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Fic. 1.—Removals of suspended solids obtained by 30 min. flocculation 
and 1 hr. settling in the laboratory. 


PEM. SUSP SOLIDS REMOVED BY FLOC.+ SET. 


The method advanced by the authors for the measurement of the 
efficiency of sedimentation tanks has definite merit. During experi- 
ments at the New Brunswick, N. J., plant, we felt dissatisfied with the 
usual methods employed. After trying several variations of the usual 
technique, we devised a method somewhat similar to the one recom- 
mended by the authors. We decided that the results obtained were 
substantially better and were considered more representative than 
those secured by the old method. 

That the removal of non-settleable matter by flocculation depends 
to any great extent on the quantity of settleable solids is debatable. 
We know that the removal increases with the suspended solids content 
of the raw sewage, but as this increases both settleable and non-settle- 
able solids also increase. In general the more of any type of material 
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present the greater percentage the removal by any process. We know 
that additional settling can be obtained if flocculation is practiced after 
pre-sedimentation and that auto-flocculation occurs in Imhoff cones 
after the settleable solids have dropped out. The stronger the sewage 
the more of this floc is observed in the cones. It appears, therefore, 
that the observed increase in removals with the strength of sewage are 
proportional to the amount of settleable solids present. 

Attention should be called to the fact that the floc produced by me- 
chanical flocculation is usually light and fluffy, slowly settling in com- 
parison with a denser and tougher floc produced with chemical treat- 
ment. 

The writers are to be commended for the thoroughness of their in- 
vestigation. The tremendous amount of data collected gives the re- 
sults decided weight. They have demonstrated the value of laboratory 
tests for prediction of results obtainable by the flocculation process. 
Every important factor involved was carefully studied and this work 
will have considerable influence on future design. Our experience has 
been in agreement with their findings. 

















PROBLEMS AND PROGRESS IN THE CHLORINATION 
OF SEWAGE * 


By A. E. Grirrin anp G. A. CAMPBELL 


Sanitary Engineers, Technical Service Division, Wallace § Tiernan Co., Ine. 


The highly complex nature of sewage, coupled with variations in 
flow, has long been recognized by all who are connected with the treat- 
ment of sewage. Variations of composition and flow have led to a great 
diversity of treatment methods for the separation of solids from the 
liquid, and stabilization of the effluent. Chlorine has played a very 
important role in this work. Through the years experience has shown, 
and it is now generally recognized, that the hourly variations in flow 
and strength of sewage are cyclic in character over 24-hour periods. 

Attention has recently been called to this fact by several investiga- 
tions. Although awareness of such variations is undoubtedly wide- 
spread among sewage works operators, the importance of these varia- 
tions upon the efficiency of plant operation is not always given the 
consideration which it deserves. It is the purpose of this paper to 
present the results of some studies which have been made at several 
different plants relative to influent loads, and to point out methods of 
more adequately meeting the chlorination problems which they create. 

Sewage chlorination in the past has generally been of the manual 
type applied as a pre- post- or in some eases split-chlorination dose. 
Occasionally it has been found feasible to install automatic chlorination. 
With this latter method of application the dosage rate follows the varia- 
tion in sewage flow. These applications of chlorine may be employed to 
accomplish one or more of a multiplicity of results such as bacterial re- 
duction, odor control, improved sedimentation, reduction in B.O.D., ete. 
In addition, it is felt that the use of chlorine for grease removal will 
become increasingly important in the near future, as indicated by the 
recent activities of the Chlorine Institute. 

Plant load studies may be based upon chlorine demand, suspended 
solids, B.O.D. or similar factors. Plate I illustrates typical 24-hour 
variations in strength of sewage of a plant serving some 35,000 persons. 
The curves are based upon chlorine demand and are derived from data 
by Dr. Symons and his associates at Buffalo. Peak loads occur at ap- 
proximately 1 P.M. and the curves show the recurring characteristics 
usually found with sewage influents. Chlorine requirements are shown 
simply as chlorine demands in the top chart and as total chlorine re- 
quired for satisfaction in the lower chart, where both flow and chlorine 
demand are taken into consideration. The lower chart thus indicates 
the actual working rates of a chlorinator in order to exactly follow the 
chlorine requirements. Sewage flows are shown on both charts and 


* Presented at the Twelfth Annual Meeting of the New York State Sewage Works As- 
sociation, New York, N. Y., Jan. 19, 1940. 
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illustrate the usual simultaneous occurrence of peak demands with peak 
flows and vice versa, storm flows excepted. 

Plate IT illustrates a similar 24-hour load variation based upon sus- 
pended solids. This survey was made by E. T. Killam at the Peachtree 
Creek Plant in Atlanta, Georgia. Again peak load and flow occurs 
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shortly before-noon with a minimum in the early morning hours. This 
chart shows the extensive variation in strength of sewage accompany- 
ing relatively small changes in flow, for while the flow doubles the 
strength of the sewage increases approximately seven-fold. 
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The third plate represents influent load conditions as found at the 
Saw Mill River Sewage Plant in Yonkers, N. Y., and includes a brief 
period during storm flow which shows the reversal of dry weather flow 
conditions shortly after the storm flow reaches the plant. Whereas 
increasing dry weather flows are invariably accompanied by increasing 
strength of sewage, the increasing storm flow is usually accompanied by 
a decrease in strength of sewage. This particular sewage is both in- 
dustrial and domestic in nature. With such sewages the discharge of 
industrial wastes into the sewerage system usually causes an appre- 
ciable increase in sewage strength. The second hump in the chlorine 
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PLate II.—Typical hourly variations in strength of sewage based on suspended solids. Peach- 
tree Creek Plant, Atlanta, Ga., May 3-4, 1933. From data by E. T. Killam. 


demand curve, occurring at 11:00 P.M. may be an indication of this 
phenomenon. The time at which such peak loads arrive at the plant 
depends, of course, upon such physical factors as volume of flow, size 
of sewer mains and location of plant. 

A number of other such examples could undoubtedly be cited but 
these few instances will serve to illustrate the similarity of load varia- 
tions existing at sewage plants in general. 

In considering these variations in connection with the sewage chlori- 
nation problem, at any one plant, several interesting observations may 
be made. With manual chlorination at a fixed rate there are prolonged 
intervals of time when either an over or under dose of chlorine is de- 
livered to the sewage. For the plant of small capacity this procedure 
may be permissible since the quantities involved are relatively small. 
On the other hand, expenditures for chlorine assume considerable mag- 
nitude in the larger plants. Prolonged periods of overdosing are costly 
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and constant supervision and adjustment of dosage rates is essential 
for efficient operation. Many operators employ two different chlorine 
dosage rates, one which is maintained during the interval of maximum 
load, usually during the day, and a second rate during the remainder of 
the 24 hour period. At best, this is a very rough approximation to the 
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ideal situation where the demand is always satisfied, with no over or 
under dosing. 

Another method which has been proposed to meet this problem is 
automatic chlorination. This comprises dosage controlled volumetri- 
cally from the flow. However, automatic chlorination of sewage is not 
always the answer, for, as has been pointed out, a flow change of 2 to 1, 
for example, may be accompanied by a change in chlorine requirement 
of 8or10to1. This leaves much to be desired in the case of volumetric 
control. 

At the present time, two new methods of sewage chlorination are 
available to handle this situation more adequately and efficiently. The 
first of these might be called step-by-step chlorination, programmed in 
such a way that a different dosage rate is maintained at pre-selected 
intervals throughout each 24-hour period. The particular rate selected 
for any one interval is based upon the average chlorine requirement as 
determined by surveys, and from the operator’s own experience. In 
all probability slight modifications in dosage rates may be desirable 
from time to time for highest efficiency but such a method would more 
consistently meet the recurring demands encountered. 

On Plate IV (upper chart) may be found the 24-hour chlorine de- 
mand and requirement curves as found at Highland Park, N. J. Due 
to a high rate of infiltration there is not much of a flow change at this 
plant and for this reason the flows are omitted. However, chlorine 
demands ranged from 0.7 p.p.m. to almost 6 p.p.m. with the maximum 
strength of sewage arriving at the plant at approximately 11:00 A.M. 
The lower chart on this plate illustrates how the above mentioned type 
of control may be applied at this particular plant. Here is shown a 
step-by-step control system employing 6 dosage rates. Superimposed 
upon this is the actual chlorine requirement curve discussed previously. 
It is evident that the step-by-step control follows the requirement curve 
reasonably well. However, there are still periods of under and over- 
chlorination as noted. Storm flows which might upset such a control 
system are fortunately not too frequent or intensive. 

In addition to the method just discussed, there has recently been de- 
veloped a new method of control termed potential chlorination. This 
means of control embodies the use of an electrode system. In opera- 
tion, a small amount of sewage is passed through a cell containing a 
measuring and reference electrode. The potential indication from the 
cell is transmitted to a suitable recorder which in turn controls the 
dosage rate of a chlorinator. By this means, the chlorine dosage is 
adjusted as required in order to produce and maintain a predetermined 
potential which may be in the low residual range, or, on the other hand, 
may be at some lower potential level, corresponding to a sub-residual 
dosage. It is obvious that such a system follows the varying chlorine 
requirements resulting from changes in both volume and strength of 
sewage. You will note that this particular chlorine requirement curve 
was obtained directly from a chlorine flow chart which recorded the 
dosage rates as dictated to the chlorinator by just such a potential 
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measuring device. These dosages of chlorine at all times were suffi- 
cient to just produce a chlorine residual of 0.2 p.p.m. in the sewage a 
few minutes downstream from the point of chlorine application. This 
means of control represents the ideal method, in that both flow and de- 
mand changes are met simultaneously. Storm flows or other unusual 
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conditions are likewise taken in their stride and do not interrupt the 
normal functioning of this type of control. 

In view of the factors that have been discussed, and keeping in mind 
the various stages of the different sewage processes, it would seem that 
the larger the treatment works, the greater is the need for vigilant op- 
erational control and the more extensive are the benefits to be derived 
from efficient operation. Such plants would best be served by potential 
control of any chlorination dosage as this method gives the most con- 
sistent results most economically. 

For the smaller plants, where the ultimate refinement of control is 
not strictly essential, a programmed step-by-step method of chlorina- 
tion seems feasible. Such control is best confined to pre-chlorination 
doses as recurring load characteristics on influent sewage are usually 
quite consistent. 

Typical load variations at several different plants have been pre- 
sented. The recurrence of such variations during each 24-hour inter- 
val has been mentioned and methods available for most efficiently han- 
dling these loads are discussed with particular reference to step-by-step 
control on a program basis, and potential control. 

Proper use of such methods will result in material savings and bet- 
ter operation of the plant. 


DISCUSSION OF THE PAPER “PROBLEMS AND PROGRESS IN 
THE CHLORINATION OF SEWAGE,” BY A. E. GRIFFIN 
AND G. A. CAMPBELL 


By Harry A. Faser 
The Chlorine Institute, 50 EH. 41st St., New York, N. Y. 


Studies on the chlorine demand of influent sewage loads at treat- 
ment plants, and two new methods of proportional chlorine application, 
have been most competently discussed: in this paper presented by Mr. 
Griffin. Reference has also been made to the use of chlorine for re- 
moval of grease from sewage. 

Investigation of grease removal methods and the exact significance 
of grease in sewage treatment processes are subjects which, up to the 
present, have received relatively little study. Some degree of grease 
removal is always accomplished incidental to the operation of primary 
and secondary treatment processes; but only through the provision of 
a separate unit, designed for such a purpose, is really adequate removal 
possible. 

Systems now used for grease removal generally involve. pre-aera- 
tion of the sewage with diffused air in a tank or channel which provides 
a detention period of about 3 minutes. Longer periods of aeration 
seem to be favored in the design of pre-aeration tanks for recent plants. 
Subsequent quiescent settling, as in primary sedimentation tanks, is 
usually advisable in order to obtain adequate removal of grease floated 
to the surface as scum. Very little data is available to show the degree 
of grease removal which may be accomplished by such treatment. 
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The use of chlorine in grease removal was originally investigated as 
a means of increasing the amount of scum resulting from pre-aeration 
of sewage. Comparative plant-scale studies showed the amount of 
scum accumulated could be materially increased by introducing small 
amounts of gaseous chlorine into the air line supplying the pre-aera- 
tion tank. This method of partial chlorination may act by destroying 
the protective colloid effect of protein material which holds the grease 
in an emulsified form. Chlorinated air was further studied by Keefer 
and Cromwell at Baltimore under conditions which enabled careful 
control of all the factors involved. Their results enlarged upon and 
completely substantiated indications of the earlier study. 

For two years this aero-chlorination method has been in full plant 
scale use at two Lancaster, Pa., activated sludge plants. At these 
plants aeration is provided in channels which convey sewage, after re- 
moval of grit, to the primary settling tank. The period of aeration is 
short, averaging 2 to 3 minutes, and chlorine is added from a W. & T. 
solution-feed vacuum chlorinator at a baffle which is located immedi- 
ately ahead of the diffuser plates. A number of special studies by 
Wiest have considerably extended available information as to the exact 
accomplishments of this process. 

In the original studies at Woonsocket, R. I., results indicated the 
application of about 1.5 p.p.m. chlorine to be responsible for additional 
yields of grease ranging from 189 to 442 per cent of that obtained by 
aeration without chlorine. The variation in wet weight of scum was 
from 1.3 to 14.0 lb. per m.g. with the usual aeration and from 5.3 to 
29 lb. per m.g. with chlorinated air. 

At Baltimore, it was found that the use of only 1.0 p.p.m. chlorine 
increased scum production more than two times over that produced by 
air alone. Chlorine doses of 4.0 and 5.0 p.p.m. produced respectively 
more than six and more than seven times the yield of scum. The 
amount of air applied varied from 0.064 eu. ft. per gal. with the short 
detention times to 0.216 cu. ft. per gal. with the longest detention time. 

Results at Lancaster, Pa., show the average amount of scum pro- 
duced to vary as follows: 


Detention alone .6 lb. per m.g. 
Detention plus aeration .0 Ib. per mg. 
Detention plus chlorine 3.5 lb. per m.g. 
Detention plus aero-chlorination 2.0 lb. per m.g. 


The greatest advantage resulting from the use of aero-chlorination, 
however, was found to be that the total removal of grease was much 
greater than could be accounted for only as the increase in scum. Ap- 
parently the largest fraction of grease settles more completely with 
heavier sewage solids in the primary settling tank, to be removed with 
the sludge when this treatment is employed. For corresponding tests, 
the average total grease removal shown by analysis of raw sewage and 
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of primary effluent is as follows: 
Per Cent 
Detention 
Aeration 
Chlorine 
Aero-chlorination 


During 1939 the aero-chlorination process was placed in operation 
at the Cleveland, Ohio, Westerly plant and at the Bellefontaine, Ohio, 
sewage treatment plant. Installations were also made at two industrial 
waste treatment plants for removal of wool grease. At one of these 
-areful comparative studies are now being conducted and indicate that, 
to date, a removal of at least 65 to 70 per cent of the chloroform-soluble 
material may be accomplished with reasonable doses of chlorine. 

In 1940 at least two more plants of the activated sludge type and one 
utilizing trickling filters will have the aero-chlorination process in op- 
eration for grease removal. The use of this process has also been pro- 
posed for a large primary sedimentation type of plant to prevent grease 
in the effluent forming a film or sleek on the surface of the receiving 
water. Thus, this process appears to offer a new means of approach 
to the solution of a problem which has received relatively little attention. 
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DISCUSSION 


By M. H. Kuecerman 


Associate, Alexander Potter, Consulting Engineer, New York, N. Y. 


That portion of Mr. Griffin’s paper dealing with the potential meas- 
urement method as a means of controlling sewage chlorination again 
serves as a reminder that sewage characteristics differ not only from 
one community to another, but, of much greater importance, that they 
vary markedly throughout the 24-hour day in any one given community. 
We are well aware of the hourly variation in sewage flow arriving at a 
treatment plant. In most instances a specific record of such variation 
is available and on the basis of such record the operator can well pre- 
dict the flows his plant may have to handle during certain periods of the 
day and is, therefore, in a position to adjust his operating devices ac- 
cordingly. Similarly, we know in a qualitative sense, at least, of vari- 
ations in sewage ‘‘strength’’ throughout the day. We speak of the 
‘‘weak’’ night sewage and the ‘‘strong’’ day sewage, etc. In not many 
vases, however, is quantitative information available on the hourly 
Variation in sewage characteristics. The work involved in obtaining 
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and analyzing sufficient number of 24-hour independently composited 
samples to obtain a dependable record of variations in any given case 
is not an easy task. This reason probably accounts for the paucity of 
data in this respect. 

The considerable range in hourly variations in sewage properties, 
particularly as applied to suspended solids and biochemical oxygen de- 
mand, and its importance on efficient treatment plant operation has 
already been effectively illustrated.* 

As regards information on the hourly variation in chlorine demand 
of sewage, the accompanying chart prepared from data obtained by 
the writer’s firm in the course of sewerage investigations in the com- 
munities noted, is illustrative of what may be expected. The cases 
noted represent average flows from 0.25 m.g.d. to 3.49 m.g.d. and popu- 
lations served from 2400 people to about 40,000. This. information and 
additional data, descriptive of each case, are noted on the chart. As will 
be observed, factors such as size of collecting system, steep or flat sewer 
grades, presence or absence of dissolved oxygen and industrial wastes, 
all of which influence general sewage characteristics, also bear upon 
that of chlorine demand. Quick sewage delivery to point of treatment 
appears favorable to lower chlorine demand. 

The lower portion of the chart for each case cited, shows hourly 
variation in chlorine demand as compared to other sewage qualities. 
The data are insufficient upon which to base broad conclusions, except 
to note that in the first two cases variation in chlorine demand was 
rather close to the variation in B.O.D. 

Two-hour samples of sewage composited half-hourly in proportion 
to the flow, taken after passing through bar racks (in Cases I and IT) 
and from the trunk sewer (Case III) were used in the analysis. 

Case I. Blohm St. Sewage Plant, West Haven, Connecicut.—Vari- 
ation in chlorine demand in parts per million, between maximum and 
minimum, was in the ratio of 15/6 or 2.5 to1. Taking variation of flow 
into account, the hourly variation in rate of feed required to meet the 
chlorine demand is as shown on the middle chart for this case. Here 
it will be noted that the maximum feed rate required was 250 lb. per 
24 hours, and the minimum 48 lb. per 24 hours, giving a ratio of maxi- 
mum to minimum of 5.2 to 1, with constantly varying requirements 
throughout the day. 

Case II. Prospect Beach Sewage Plant, West Haven, Connecticut. 
—Variation in chlorine demand between maximum and minimum was in 
the ratio of 7.8/2.0 or 3.9 to 1. Hourly variation in rate of feed to 
meet chlorine demand, taking into account variation in sewage flow, 
was from a maximum of 17 lb. per 24-hours to a minimum of 4 Ib. 
per 24 hours, giving a ratio of 4.25 to 1. 

Case III. Trunk Sewer—Rahway Valley Joint Sewer, New Jersey. 
—In this instance, the variation in chlorine demand between maximum 
and minimum was in the ratio of 23/4 or 5.75 to 1. The combined effect 










*E. T. Killiam, ‘‘Hourly Load Variations in Sewage Treatment,’’ Water Works and 
Sewerage, July, 1934. 
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of flow variation and chlorine demand variation in this case results in a 
variation of rate of feed of chlorine from a maximum of 880 1b. per 
24-hours to a minimum of 80 lb. per 24-hours, giving a ratio of 11.0 to 1. 
The varying feed rates required for a day’s operation are particularly 
striking in this instance. 

Thus, in the chain of refinements gradually being developed in sew- 
age treatment plant and equipment design, as well as in operation, there 
appears to be justification for considering improvements in the tech- 
nique of chlorination eontrol—probably the least suspected operation 
requiring improvements; and the basis for such improvement lies prin- 
cipally in the realization that the chlorine requirements of sewage—let 
us say for disinfection, as an example—are constantly varying through- 
out the day. For most efficient disinfection, therefore, it is not suf- 
ficient to adjust the chlorinator, to feed chlorine at a ‘‘pre-determined’’ 
constant rate during the day hours and another ‘‘pre-determined’’ con- 
stant rate during the night hours. Nor is it sufficient to test sewage 
samples at substantial intervals of time for chlorine residuals and ad- 
just the feed rate accordingly. Ideally a control method, as described 
by Mr. Griffin, which will continuously integrate both variations in 
chlorine demand and sewage flow so as to maintain as nearly as pos- 
sible a continuous constant residual of chlorine, would result in sub- 
stantial chlorine economies. The constant change in chlorine demand 
and variation in sewage flow, as illustrated by the cases cited, amply 


justifies such a control. 
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THE TREATMENT OF WINERY WASTES AT 
GLENELG, SOUTH AUSTRALIA 


By H. J. N. Hopason ann J. JoHNSTON 


Engineer and Chemist, respectively, Engineering and Water Supply Department, South 
Australian Government 


The sewerage system of Adelaide and suburbs, which is under the 
control of the Engineering and Water Supply Department, a State Gov- 
ernment Department, embraces three separate drainage areas, each of 
which has its own treatment works, and these are located at Islington, 
Port Adelaide and Glenelg, respectively. 

The only works touched upon in this paper is that at Glenelg, which 
is an activated sludge plant with separate digestion of sludge. 

The sewage from the Glenelg Drainage Area is almost wholly of 
domestic origin, the only considerable exception being a very difficult 
trade waste contributed by a large winery located within the drainage 
area. The wastes from this winery, which were admitted to the sewer- 
age system in 1932, have made treatment of the sewage difficult and at 
times practically impossible, and so it has been necessary to consider 
the question of treating these wastes separately from the sewage. 

The experimental work carried out on the problem of the separate 
treatment of these wastes, and the type of treatment plant evolved, 
forms the subject matter of this paper. 

Introduction.—The climate and the soil of South Australia are par- 
ticularly suited to the cultivation of vintage grapes, and this State is 
responsible for over 75 per cent of the total Australian wine production. 
In the early days of the settlement, Adelaide, the State capital, was sur- 
rounded by vineyards, but viticultural activities are now located in 
various country centres. However, some of the smaller wineries have 
remained and have become enveloped in the suburban outgrowth of 
Adelaide. The particular winery, the treatment of wastes from which 
forms the subject of this paper, is the largest connected to the sewerage 
system, with an output of some 800,000 Imperial gallons of wine and 
brandy spirits per annum. It is significant that a rapid expansion of 
the activities of this winery has occurred since its connection to the 
sewerage system, and even grain spirit distillation during the non- 
vintage season is now considered a possibility. Obviously the ready 
disposal of wastes has enabled the continuance and expansion of the 
industry in a built-up area, and this has offset the somewhat longer 
haulage to the works. It should be explained here that a considerable 
percentage of the fruit used for wine making is grown at distances up 
to 20 miles from the winery, and has to be hauled to the works. 

321 
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OrIGIN OF WASTES 


The grapes commence to ripen about the end of February, and dur- 
ing the latter part of March and the beginning of April the vintage is 
in full swing. Operations at the winery may be divided into three sec- 
tions. 

1. Wine making. 
2. Brandy spirits distillation. 
3. Bottling and kegging the above products. 


The relationship of these various processes to each other is seen from 
Fig. 1. 
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Fig. 1.—Chart of winery operations. 


Wine Making.—The grapes are crushed and the stalks and ligneous 
material rejected, while the expressed juice or ‘‘must’’ which contains 
20 to 30 per cent of fermentable material together with the pulp of 
skins, pips, ete. is pumped into fermentation tanks. The crushing may 
take place in one, two or three stages, depending on the nature of the 
grapes, sugar content and type of wine desired. The residue from the 
final crushing is termed the ‘‘mare.’’ The must undergoes a vigorous 
first stage fermentation for from three to eight days, after which the 
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yeasts, skins, etc., largely settle to the bottom, constituting the ‘‘lees.’’ 
The young wine is then transferred to wooden vats and allowed to 
undergo a slow fermentation which may extend into months. At the 
end of this fermentation period most of the suspended matter has set- 
tled, the tartaric acid being precipitated as crude potassium hydrogen 
tartrate on the sides and bottom of the vat. The ripe wine, as it is now 
known, is aged and blended in the cellars to develop the requisite aroma, 
flavour and body for consumption. 

Wastes.—The wastes from this section are mainly crushing losses, 
spray, floor clean-ups, spillage, ete., and are relatively small in quantity 
and confined principally to the actual crushing season. 

Brandy Spirits Distillation—tThe lees are combined with the mare 
and other residues and are steeped in water to extract the maximum 
amount of sugar. The resultant wash is fermented. After conversion 
of the remaining fermentable material into alcohol, this wash, which 
ranges from 4 to 10 per cent alcohol, is distilled to produce brandy 
spirits. The residue remaining in the fermentation tanks is sent to the 
cream of tartar manufactory to be worked up for tartaric acid. 

Wastes.—The de-alecoholised waste, or spent wash, consisting of 
yeasts, skins, pips, organic acids, ete., is discharged to the sewerage 
system, and is really the only waste which concerns the sewage treat- 
ment works since it constitutes some 85 per cent by volume of the 
winery discharge and 98 per cent of the load. 

Bottling and Kegging.—The casks and bottles are washed with weak 
caustic soda solution, the casks being disinfected with sulfur dioxide, 
steamed and waxed. 

Wastes.—The wastes from this section are negligible as far as their 
effect upon the treatment processes at the sewage works is concerned. 

Amount of Wastes.—During the 1936 season gaugings were taken of 
the total discharge from the winery, which averaged 17,000 Imperial 
g.p.d. per week of six days, with a peak of 24,000 Imperial g.p.d. during 
the main crushing season. A vintage 2,500 to 3,500 tons or more of 
grapes may be processed, each ton resulting in 200 to 250 gallons of 
wastes. These gaugings include bore-water used to dilute the spent 
wash from the brandy stills, and also a domestic sewage flow of 1,300 
Imperial g.p.d. The net flow would, therefore, be 12,000 and 16,000 
Imperial g.p.d., respectively. This dilution of the spent wash repre- 
sents an attempt to cool the wastes prior to their discharge to the sewer, 
the temperature being reduced from approximately 210° F. to 150° F. 
It has a negligible effect upon the reaction of the wastes. The whole 
question of the treatment of these wastes has been under consideration 
almost since the inception of the sewage treatment works, and conse- 
quently to date the Department has not insisted on any form of treat- 
ment, pH adjustment or regulation by the industry, pending the results 
of these investigations. 

After mid-May when the vintage season has closed, the ‘‘still’’ re- 
mains in operation intermittently until August or September, operating 
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on dried fruit washes, the quantity of wastes during this period rarely 
exceeding 4,000 Imperial g.p.d., and being confined to three or four days 
per week. 

Though the volume of wastes discharged from the winery during the 
season.is fairly consistent, their composition is very variable. This has 
been one of the difficulties encountered during the experimental work, 
and one of the advantages of chemical pre-treatment is that it enables 
an approximate equalization of loading to be achieved, since in this 
section the degree of treatment can be varied to suit the waste. Table I 


TaBLE I.—Analysis of Winery Waste and Dry Weather Flow Sewage 
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shows the general characteristics of the winery waste during the season, 
and also those of a typical sewage into which the wastes at present 
discharge. 


EFrect oN SEWAGE TREATMENT 


In order to appreciate the effects which this relatively small dis- 
charge has on the sewage treatment works the following facts must be 
considered : 


a. The sewerage system is a separate one, and the sewage is almost 
wholly of domestic origin. The tributary population is 59,000, and the 
dry weather flow about 23 gallons per head per day. On this basis the 
wastes approximate 1.0 per cent by volume of the sewage flow. 

b. The treatment works are situated with respect to the reticulation 
system so that practically all the sewage is delivered coincidently to the 
works. The sewage is definitely fresh, the H.S rarely exceeding 3.0 
p.p.m. 

c. Being from a residential area, the sewage flow and loadings show 
marked hourly variation, dry weather flows ranging from 2,000 g.p.m. 
to under 200 g.p.m. in the early hours of the morning. 

d. The winery season occurs during what is normally the dry- 
weather flow period for the area. 

e. The treatment adopted at the sewage treatment works is the 
‘activated sludge’’ process with separate sludge digestion. 
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From a study of the first two considerations it will be observed that 
the seeding of the sewage by this carbohydrate type material is suffi- 
cient to convert the sewage into what is veritably a nutrient medium 
specifically suited to the requirements of filamentous bacteria of the » 
Sphaerotilus sp. (The term ‘‘carbohydrate’’ is used to connote carbo- 
hydrate degradation products generally, the aleohol fermenting yeasts, 
and cellulose debris present in the wastes. ) 

Further, it is generally recognised that the conditions obtaining in 
a properly operating aeration system tend to favor the growth of fila- 
mentous bacteria when sufficient suitable food material is available. At 
the Glenelg Sewage Treatment Works the substitution of the non-fila- 
mentous sludge in the aeration tanks by a development of filamentous 
material of almost ‘‘pure culture’’ dimensions is complete in one or two 
weeks after the commencement of winery operations. If the sludge in- 
dex rises to 500-600, sedimentation cannot be effected in the final sepa- 
rating tanks, and the breakdown of the plant follows. At this stage it 
might be as well to mention that all the conventional methods of com- 
bating such filamentous overgrowth have been tried, such as liming, 
chlorine, additional aeration, dilution, ete., without really worthwhile 
results. Approaching the problem from another angle it is apparent 
that separate treatment of the wastes could be undertaken, either com- 
pletely, or to a point at which their carbohydrate content would be so 
reduced as to be incapable of supporting sufficient filamentous growth 
to impair plant performance. Empirically this has been determined as 
necessitating a 75 to 80 per cent removal of this carbohydrate content. 


TREATMENT OF WASTES 


Separate treatment of the wastes at the winery itself was discarded 
as being impracticable for several reasons. 

It was evident that treatment at the winery would lack the necessary 
expert supervision to achieve best results, as the winery proprietors 
would, at best, regard the scheme as a necessary evil. 

The cost of the treatment plant would also be greater because at 
the sewage works it is possible to partly utilize units provided for sew- 
age treatment. 

Still another consideration influencing the decision to treat the 
wastes at the sewage works was the fact that the biological filters, which 
would be used for other purposes during part of the year, would be 
mature and in good condition at the commencement of the winery 
season. 

The same remarks apply to the sludge digestion tank into which the 
sludge is pumped. 

Having decided that the best place to treat the wastes was at the 
sewage works, the question of the moment was how to get them there. 
Obviously it was out of the question on the score of costs to construct a 
separate pipe line three miles long to the treatment works. The use 
of the sewer main itself as the separate line, suggested an ingenious 
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solution to the problem, and after certain trials were made this proposal 
was adopted. The wastes discharge into approximately one mile of 9 
in. and 12 in. tributary sewer before reaching the trunk main, which is at 
this juncture some 2.25 miles from the sewage treatment works. Tests 
have shown that the wastes can be stored and discharged from the 
winery in one flush and delivered to the main pumping station during 
the early hours of the morning without becoming diluted with more 
than four or five times their volume of sewage. This sewage-winery 
waste mix can then be pumped to a section of the sewage treatment 
works reserved for this purpose, during the low flow period, and given 
separate treatment. It will not be necessary to effect a clear-cut sepa- 
ration of this waste from all other sewage, as the comparatively small 
quantity remaining in the main flow will be insufficient to cause trouble 
in the works. 

This utilization of the sewerage system to perform an additional 
function comparable with that of a separate main, is, as far as it is 
known, unique, and has been a major factor in deciding the Department 
to provide treatment for the wastes. The circumstances of this case 
are no doubt especially favorable towards such an expedient, but there 
must be many smaller plants throughout the country where a similar 
scheme could be worked out to facilitate the treatment of such seasonal 
wastes. 

Experimental work has been carried out on this sewage-winery 
waste mix, which demonstrates that it is amenable to the following com- 
bination of chemical and biological treatment: 


. Chemical treatment of the sewage-winery waste mix. 
. Dilution of the resultant supernatant liquor by plant effluent and 
adjustment of pH. 
Biological treatment of the diluted supernatant liquor on a two-stage 
biological filter. 
4, Final treatment of the filter effluent in the main plant. 


EXPERIMENTAL PLANT 


The experimental plant consisted of two 15-gal. hopper-bottomed 
sedimentation tanks, a 13-gal. flocculator with paddles operating at a 
peripheral speed of 90 ft. per minute, a 60-gal. diluting tank, and a two- 
stage biological filter. The general construction of the filter may be 
seen from Figs. 2 and 3. The filter was constructed of 12 in. diameter 
stoneware pipes, and it consisted of two 6 ft. 6 in. sections. The filter 
medium used was *4 in. stone with a 6 in. layer of 114 to 2 in. stone on 
top for distribution, and another 6 in. layer of 2 to 3 in. stone for sup- 
port and drainage at the bottom of each section. This filter was dosed 
by a tipping bucket elevator, and in small-scale work this method has 
proved extremely simple and accurate. The bucket elevator was de- 
signed to make one revolution per minute and the buckets were checked 
and calibrated to dose within 0,15 per cent of 60 g.p.d. Change in the 
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dosing rate or cycle was readily effected by changing buckets and/or 
speed of drive. This unit has now worked satisfactorily for over a 
year. Each filter was provided with a hopper-bottomed humus tank 
giving 24% hours detention during the winery waste experiment. The 
effluent from the first stage humus tank gravitated to the second stage 
bucket elevator compartment, while the second or final stage effluent 
was pumped to the main plant. 


« 
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§ 





Fig. 2. 


Operation.—The biological filter had been treating sewage for six 
months prior to the commencement of this investigation, and Tables 
IV, V and VI include results typical of those obtained during this pe- 
riod. The experience gained from other work carried out on this waste 
in previous years enabled certain conditions and procedure to be 
adopted from the commencement of the work this season. A schematic 
diagram of the treatment is given in Fig. 4. Owing to the restricted 
time available, certain variables were fixed, and the ratio of waste to 
sewage was maintained at 1 to 5, while the filter dosage rate was fixed 
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at 76 Imp. gal. per sq. ft. of filter area per day, which is equivalent to an 
average filter loading of 0.9 lb. of 5-day B.O.D. per cu. yd. of stone. 
This corresponds to plant scale values of 180,000 Imperial g.p.d. of di- 
luted sewage-winery waste mix with a B.O.D. of 700 p.p.m. In the 
experimental plant the winery waste was diluted with five volumes of 
sewage, and then limed. The quantity of lime required was determined 


Fig. 3. 


on 250-500 ml. of the mix, this procedure taking some ten minutes. 
The appropriate amount of lime was then mixed up into a slurry and 
added to the sewage-winery waste mix in the flocculator. The contents 
were given a rapid mix for about a minute, and then after flocculating 
for 30 minutes they were drawn off into a hopper-bottomed sedimenta- 
tion tank. After two hours’ settling a good separation of sludge and 
liquor resulted. The sludge was drawn off, and in plant operation 
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would be used for adjustment of the acid primary sewage sludge. The 
clear straw-coloured supernatant liquor was transferred to the filter 
storage tank and diluted with two volumes of plant effluent. (This is 
an average figure; the amount depended on the quantity of supernatant 
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Fig. 4.—Schematic diagram of experimental plant. 
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TaBLE II.—Results of Chemical Treatment of Sewage-Winery Waste Mix 


March, 1940 



























































































































5-Day B.O.D. Sludge from Chemical 
2 ‘ Treatment 
Volatile ; 

R Matter, — 

No. Period Before | After Per — hasan ed P Per 
Treat- | Treat-| Cont Cent Ca0 end, sae 08 
ment, | ment, | Req Redn. ‘ by ; ent Cent 
p.p.m | p.p.m. eel) Vol- | Solids | V.M. 

| | | ume 
199-204 | March 21-26 2600 | 2000 23 — 1053 | 17.5 — — 
206-211 | March 28-Apr. 2} 2900 | 1800 | 38 65.6 1347 | 16.7 | 2.51 172 
213-216 | Apr. 4-7 4300 | 3300 23 52.0 1915 | 19.7] 3.15 1.57 
221-225 | Apr. 12-16 2300 | 1400 39 51.6 1356 | 17.3 | 2.02 1.20 
227-232 | Apr. 18-23 2500 1500 40 65.9 926 | 16.0} 2.16 1.28 
234-239 | Apr. 25-30 2700 | 1900 30 59.0 1056 | 14.6 | 2.43 1.27 
241-246 | May 2-7 3700 | 2700 27 56.4 1066 | 11.0 | 2.00 1.02 
248-253 | May 9-14 3400 | 2100 38 31.2 820 | 12.0 | 1.56 0.77 
255-260 | May 16-21 4600 | 2600 43 52.7 1120 | 12.3 | 2.22 1.12 
263-267 | May 24-28 4700 | 2800 40 30.8 1500 | 16.1 | 2.32 1.02 
269-274 | May 30-June 4 — | — — 56.8 1090 | 15.8} 1.51 0.81 
276-279 | May 6-9 4600 | 3300 | 28 64.2 1375 | 16.5 | 2.03 0.95 
Average | | 
199-279 | Mch. 21/June 9 | 4200 | 2700 | 35.7 | 55.5 | 1200 | 15.0] — es 
TaBLE III.—Chemically Treated Sewage-Winery Waste Mix Applied to the Filter 
Chemically Treated Sewage-Winery Waste Mix Applied 
to the Filter 
Undiluted, Galls. Diluted with Filter Effluent 
z Period 
eusotcaaie 1939 Gallons Reaction 
Per Per 
Day Sq. Ft. Per Per Acid, 
They Sq. p.p.m. pH 
Ft. H,SO, 
199-204. ....| Mch. 21-26 9.0 11.4 56 71.3 Nil 10.5 
206-211.....| Mch. 28-Apr. 2} 12.0 15.2 60 76.4 600 8.0 
213-216.....| Apr. 4-7 16.0 20.3 60 76.4 1095 7.9 
221-225.....| Apr. 12-16 15.0 19.1 60 76.4 880 iad 
227-232.....| Apr. 18-23 23.0 29.3 60 76.4 560 8.0 
233-239. ....| Apr. 25-30 30.0 38.2 60 76.4 525 7.2 
241-246.....] May 2-7 10.0 12.7 60 76.4 680 7.3 
248-253.....] May 9-14 20.0 25.4 60 76.4 500 7.2 
255-260. ....| May 16-21 18.0 22.9 60 76.4 600 7.2 
263-267..... May 24-28 20.0 25.4 60 76.4 900 8.0 
270-274..... May 31-June 4; 20.0 25.4 60 76.4 580 7.8 
276-279. ....} June 6-9 20.0 25.4 60 76.4 700 7.5 
Av. 199-279 . 18.0 22.9 60 76.4 790 aa 
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being applied to the filter.) When the experiments were started vari- 
ous chemicals were tried in the chemical treatment of these wastes, viz: 
FeCl,, FeSO,, ete., but the results obtained were unsatisfactory, and the 
dosage required (upwards of 400 p.p.m.) was such as to render costs 
prohibitive, especially in this State with ferric chloride at 6 cents per 
pound. The quantity of lime required is high (Table II), but drastic 
alkalinization is necessary, otherwise the resultant sludge is slimy and 
poor settling. The lime added is, therefore, over and above that neces- 
sary to neutralise‘and precipitate most of the organic acids, ete. pres- 
ent, since there must be sufficient residual alkalinity in the liquor to 


TaBLE IV.—Results of Biological Treatment of Diluted Chemically Treated Sewage-Winery Waste Mix 















































Suspended Solids 
5-Day B.O.D., p.p.m. 
P.P.M. Per Cent Reduction 
| 
Period | 
1939 Influ- | First 
Influ- | First Final | Influ- | First | Final | ent to to /_— 
ent to | Stage | Stage | ent to | Stage | Stage | First | Final all 
Filter | Effi. Eff. | Filter | Effi. Effl. | Stage | Stage 
Eff. Eff. 
Pre-winery period. 
Mch. 15-19. 
Expt. com- 
menced......... 120 26 9 130 27 14 79.2 | 48.1 89.2 
Mch. 21-26.......] 485 30 10 91 24 10 73.0 | 58.3 89.0 
Mch. 28-Apr. 2...| 575 2D 14 127 25 14 80.3 | 44.0 89.0 
Apr. 4-7.........| 850 40 15 —_— — — — — — 
Apr. 12-16... 0... 660 60 37 123 55 21 55.3 | 61.8 82.9 
Apr. 18-23....... 845 170 100 136 45 22 66.9} 51.1 83.8 
Apr. 25-30....... 850 250 100 174 65 31 62.6 | 52.3 82.2 
May 2-7........ 340 51 30 57 62 27 | + 8.7| 56.4 52.6 
May 9-14....... 850 126 60 95 52 29 45.3 | 79.3 69.5 
May 16-21....... 730 290 60 106 65 35 38.7 | 46.1 67.0 
May 24-28....... 1050 530 210 96 134 82 | +28.3] 38.8 14.6 
May 30-June 4...| 680 285 120 80 204 120 | +60.8| 41.2 | +50.0 
June 6-9. ........ ; 1010 340 250 104 90 88 13.4 | 22.2 13.4 


coagulate other suspended matter and condition the sludge formed. 
Under these conditions the final reaction of the liquor is between 10 and 
11, even after dilution with two volumes of effluent, and it was noticed 
that filter slime was apparently being scoured from the surface stones. 
Adjustment was resorted to by the addition of crude sulfuric acid (S. 
(i. 1.82) to depress the pH to values below 9.0. During the experiment, 
however, it was evident that filamentous growth was greater between 
pH 9.0 and 8.0 than between 8.0 and 7.0, and consequently the reaction 
of the filter influent was generally adjusted to the lower values (Table 
III). The humus sludge from the filters was drawn off twice per day, 
and this was made necessary by the high operating temperatures to 
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TaBLE V.—Removal of 5-Day B.O.D. by the Biological Filter 


March, 1940 








5-Day B.O.D. 





Pounds per 24 Hours per Cubic Yard Stone 




































































Period Removed by | Per Cent Reduction 
1939 l | : 
Applied | | Influ- | First | 
| to | 
ee First Final Over- nom ae bad Over- 
| een Stage | Stage | all | First Final all 
| Stage | Stage 
| | Effluent | Effluent | 
Pre-winery period. | | | 
Mch. 15-19. Experi- | | 
ment commenced.....| 0.206 0.160 0.030 | 0.190 6 he 65.3 92.2 
Mch. 21-26............ . 0.748 | 0.697 0.034 0.731 93.4 66.7 97.7 
Mch. 28-Apr. 2........ | 0.988 0.945 0.019 0.964 95.6 44.2 97.6 
(COR Te ae | 1.46 1.39 | 0.043 1.43 95.2 61.4 97.9 
Apr. 12-16............| 113 | 103 | 0.039 | 107 | 911 | 390 | 947 
Air ABs... 2s... 2s | a4s | 248 | 0.120 1.28 80.0 41.4 88.3 
nae 1.46 1.03 | 0.258 1.29 70.5 60.0 88.4 
Ng = es (Re sae 0.584 | 0.496 | 0.036 0.532 84.9 40.9 91.1 
TN 2 US | ee | 146 | 1.22 | 0.113 1.33 | 83.5 47.1 91.1 
ONE 4 125 | 0.76 | 0.395 115 | 60.8 80.6 92.0 
May 24-98............ | 180 | 089 | 0.550 | 1.44 49.4 60.4 80.0 
May 31-June4........ | 117 | 0.68 | 0.284 0.96 58.1 57.9 82.0 
SS OS eee ee | 1.78 | 1.15 | 0.155 1.30 66.5 | 26.7 75.1 
TaBLE VI.—Nitrogen Determinations on Filter Liquors 
Parts per Million 
Period Influent to Filter First Stage Effluent Final Effluent 
rey Pe = Penny Ov | Oxi- O mre -.| ‘Oxi- 
rganic |Ammonia| Organic |Ammonia| ~ rganic |Ammonia| ~ 
dized dized 
Pre-winery period. 
Mch. 15-19. | 
Expt. com- 
menced....... 13.2 46.1 3.5 7.3 12.0 2.6 0.2 17.4 
Mch. 21-26...... 12.5 4.5 4.2 1.6 1.8 2.7 0.2 2.6 
Mch. 28-Apr. 2..} 13.8 3.1 4.0 0.2 0.3 2.8 0.1 0.4 
Apr. 4-7...:... — 6.5 — 0.2 0.1 — — 
Apr. 12-16...... 27.2 19.4 10.4 1.0 1.8 6.2 0.7 4.6 
Apr. 18-23...... 64.0 26.8 12.0 3.5 1.1 6.9 1.3 1.0 
Apr. 25-30...... 55.0 28.5 13.3 11.2 0.82 5.4 3.2 1.0 
May 2-7....... 30.1 22.7 | 9.4 11.0 0.95 10.0 10.8 2.0 
May 9-14...... 28.2 14.8 11.2 3.3 1.6 10.3 4.0 3.1 
May 16-21...... 40.4 13.4 13.6 14.4 0.52 9.4 5.5 0.90 
May 24-28...... 52.5 | 19.3 13.8 9.3 1.0 13.1 2.9 1.0 
May 30—June 4.. —- |; — — — — — — _— 
June 6-9........ 66.0 16.4 33.0 11.5 0.6 23.0 7.9 0.4 
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which the filter was subjected by reason of its being placed in the ma- 
chinery room. The volume of this sludge was very consistent and aver- 
aged 0.5 per cent of the flow throughout the experiment. 

The results of chemical treatment are shown in Table III, from 
which it will be seen that worthwhile reductions in B.O.D. and volatile 
matter were obtained. 

The results obtained by the biological treatment of chemically 
treated liquor are set out in Tables IV, V, and VI. It should be noted 
that no wastes were discharged from the winery on Sundays (Mondays 
on the schedule under which the filter was running), and on this day 
filter effluent only was re-circulated. 

It was realised that the loading proposed would be heavy. How- 
ever, knowing that a filter in good condition will stand up to heavy over- 
loads for a short period, it was argued that the filter would operate 
satisfactorily during the first three or four weeks, which represents the 
peak of the winery season. After this period the quantity of waste 
decreases somewhat, and it was felt that the filter could continue to 
handle the reduced loading, probably without any deterioration of the 
effluent. In the experimental work, however, the loading was kept up 
to that of the peak period throughout, and it is evident that towards the 
latter part of the experimental period (from May 28th) the loading is 
much higher than would be experienced in practice. During the latter 
period the volume of wastes would not exceed 4,000 Imp. g.p.d., whereas 
they were rated at 12,000 Imp. g.p.d. in the filter experiment. Under 
these conditions it is not surprising that the filter broke down. 

Filter performance was held to be satisfactory if the B.O.D. of the 
final effluent did not exceed 60 to 80 p.p.m. 

From Table IV it will be observed that this condition held during the 
first month of operation, and that the first departure from this standard 
occurred during the fifth week, apparently due to the cumulative effects 
of heavy loadings. The filter recovered quickly over the period of light 
Sunday loading, but broke down again at the end of the week’s run. 
The loading was somewhat reduced (Table IIT, Runs 241-246) and filter 
performance was again up to the standard set. On May 15th the filter 
order was reversed as No. 1 filter surface showed signs of clogging, 
though the liquor was still getting away freely enough. It was at once 
apparent that the second-stage filter was not built up sufficiently to cope 
with the heavy initial load, and though the filter order was restored 
14 days later, filter performance did not recover. The experiment may, 
therefore, be regarded as concluding at run 267 (May 28th). 

Filter Life-—No detailed investigation of filter life was made. At 
the commencement of the experiment the filter slime presented the ap- 
pearance of a typical filter sludge of high purifying capacity, viz: large 
discrete floceulent masses of rich brown material and zoogloea with a 
practical absence of filamentous forms. The unloaded material settled 
rapidly in the humus tanks, being black from the first stage filter when 
the sewage was being dosed with iron salts, and rich brown from the 
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second-stage unit. The protozoa present were relatively few in number 
and confined to the usual assemblage of paramecium, minute ciliates, 
aspidiscus and small colonies of peritrichs. The most abundant proto- 
zoon was the arcellidae, whose tests were inky black in the first stage 
sludge and colored by ferric iron compounds in the second. Larger 
organisms present consisted of rotifers, tubifix and nematode worms, 
and a great variety of mites, bugs, daphnia, cyclops and water spiders. 

On the surface of the filters psychoda were noted, but never in great 
numbers, and a swarming development of springtails occurred during 
the experiment. 

After a fortnight of operation with the winery waste liquors the 
filter slime was converted into a felted mass of filamentous material, 
and the larger aquatic forms of life died rapidly, followed later by most 
of the protozoa, though arcella remained throughout the whole experi- 
ment. This has also been noted in the sludge from the aeration tanks 
of the large plant. While the wastes were being treated on the filter, 
nematodes increased rapidly, but otherwise there was little change in 
the sludge during the experiment. 


Tue TREATMENT PLANT 


Having proved experimentally that the waste could be treated by 
the methods proposed to a degree that would allow of it being given 
final treatment with the sewage, and having demonstrated by actual 


trials that it could be brought to the works by way of the sewerage 
system in the early hours of the morning, and that there was no ap- 
preciable difficulty in separating it from the sewage, it was decided to 
proceed with the design of a plant to treat the wastes concurrently with 
designs which were being prepared for extensions to the sewage treat- 
ment works. 

It soon became evident that it would be uneconomical to build a plant 
specially for treating these wastes and to have it standing idle for 
about half the year, consequently it was decided to utilize, as far as 
possible, units which could be used for other purposes, either during the 
period of light winery waste discharge or during the period of no waste 
discharge. 

In order to make the following remarks understandable it is neces- 
sary that the proposals for the treatment of the sewage be briefly 
explained. 

The preliminary treatment consists of screening and mechanical 
flocculation, followed by sedimentation in ‘‘straight-line’”’ type settling 
tanks. Provision has been made for adding chemicals for a few hours 
of the day on several days of the week to reduce peak loading to the 
biological treatment units, and a chemical dosing plant has been pro- 
vided, also a ‘‘Flash’’ or Turbo type mixer to enable this to be done. 

For secondary treatment the activated sludge process is employed. 
Sludge is to be digested in two-stage digestion tanks and the digested 
sludge dewatered on sand drying beds. During the wet winter months 
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when drying is at a minimum, the surplus sludge over and above that 
which can be dried on the beds is to be dewatered on vacuum filters. 
Prior to vacuum filtration the sludge will be elutriated. 

Another aspect of the situation which has a bearing on the possible 
use of sewage treatment units for handling the winery wastes is that 
the usual period of maximum wet weather flow does not coincide with 
that of peak winery activity. Likewise the period when filtrate and 
elutriate from the sludge dewatering plant have to be treated does not 
coincide with this period. 

It was decided, therefore, to so design the flocculation and sedi- 
mentation units as to allow one section to be withdrawn from service 
for the chemical treatment of the winery wastes. With such an ar- 
rangement the chemical treatment of the wastes can be carried out 
without the provision of any additional tanks or equipment, while the 
sludge can be handled by the same equipment as is used for handling 
the sewage sludge, and pumped direct to the sludge digestion tanks. 

In the case of the secondary treatment units, experimental work 
showed that a two-stage biological filter designed to treat the peak 
winery waste flows will treat comfortably all digestion tank supernatant 
and sludge filtrate and elutriate from the plant. Consequently it was 
decided to treat these wastes on the biological filter during the whole 
of the year except during the two months of peak winery waste dis- 
charge. During these two months the only other waste to be treated 
is the digestion tanks supernatant, and this it is proposed to settle and 
then bleed at a uniform rate direct to the aeration tanks. This method 
of treating digester supernatant has proved very successful at our Port 
Adelaide plant. : 

Basis of Design.—Based on the experimental and trial work carried 
out, the following figures were accepted as the basis of the design: 


. Volume of undiluted winery wastes——12,000 Imp. gal. per day. 
. Volume of winery waste-sewage mixture diverted at the works for 
separate treatment—60,000 Imp. gal. per day. 
3. Rate at which the winery waste sewage mixture will be received at 
the works—800 Imp. gal. per minute. 
. Time over which winery waste sewage mixture will be received at 
the works—75 minutes. 
. Quantity of lime to be added for chemical treatment—720 lb. per day 
(average). 
}. Volume of chemically precipitated sludge—8,000 Imp. gal. per day. 
. Volume of diluted chemically treated waste for application to the 
biological filters—180,000 Imp. gal. per day. 
. 5-Day biochemical oxygen demand of diluted chemically treated 
waste—700 p.p.m. 
. 5-day B.O.D. in diluted chemically treated waste to be applied to 
filter daily—1,260 lb. 


Chemical Treatment.—The design provides for the winery waste- 
sewage mixture as it arrives at the treatment plant to be first passed 
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through the bar screens as provided on the main influent to the sewage 
treatment plant, after which the requisite amount of lime is added to 
it by means of two chemical dry feeders, each capable of a maximum 
output of 500 Ib. of lime per hour. The waste and added lime will 
then be rapidly mixed together for a period of about 30 seconds by 
means of a ‘‘Flash’’ mixer, after. which it will be diverted to a section 
of the flocculation tank which has been withdrawn from normal service 
for this purpose. 

The section of the flocculation tank used for this purpose is rec- 
tangular in plan, 26 ft. long, 16 ft. wide, with an average water depth 
of 9 ft. and has a capacity equal to approximately 30 minutes of winery 
waste-sewage flow. 

During its passage through this unit, the waste with the added lime 
is gently stirred. The stirring is accomplished by mechanical paddles 
chain-driven by an electric motor operating through reduction gearing, 
the peripheral speed of the paddles being variable but averaging 90 ft. 
per minute. 

From the flocculation tank the liquid is passed without undue dis- 
turbance to a ‘‘straight line’’ type sedimentation tank, which has like- 
wise been withdrawn from normal service for this purpose and which 
has sufficient capacity to hold at least one day’s flow of flocculated 
waste. 

This particular unit is 95 ft. 9 in. long, 16 ft. wide, with an average 
water depth of 10 ft. 10 in., and so it will be seen that it has capacity to 
spare when used for this purpose. It is equipped with ‘‘straight line’’ 
type sludge collector equipment, and a cross-collector at the sludge 
withdrawal end. 

The mixture will be allowed to stand quiescent in this unit during 
the whole of the day, and during this period the flocculated solids are 
expected to settle to the bottom, from where they will be collected and 
periodically pumped to the sludge digestion tanks. A Duplex plunger 
type pump is provided for this purpose. <A special decanting device, 
which has been designed to withdraw supernatant liquor at a uniform 
rate over the 24 hours, has been provided at the outlet end of the tank, 
and by this means supernatant liquor will be withdrawn throughout the 
day to a small pump sump nearby. Sufficient liquor will be withdrawn 
from this tank during the 24 hours to make room for the next day’s 
flow of sewage-winery waste mix. 

Because of the high temperatures prevailing during the summer 
months and the concentrated nature of the sewage, preliminary treat- 
ment is inseparable from some odor nuisance, and as the plant is lo- 
eated near a fashionable beach, it has been deemed advisable to enclose 
the screen house and to cover the flocculation and sedimentation tanks 
with a flat slab roof. This fits in very well with the treatment of the 
winery wastes, as our experimental work has shown that this treatment 
is accompanied by a certain amount of odor. 

This then introduces the question of the ventilation of these units, 
and this has been attended to by so arranging the plant that the air 
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compressors used in the activated sludge process draw their free air 
through these units. 

Biological Treatment.—As pointed out above, the supernatant from 
the chemically treated sewage-winery waste mix is decanted off at a 
uniform rate of the suction pit of a small pumping station. Here it is 
continually diluted with about two volumes of plant effluent, after which 
sufficient sulfuric acid is added to adjust its pH to slightly under 8.0. 
The H.SO, will be dosed continuously at the desired rate by means of 
an ‘‘Omega’’ type liquid chemical feeder. 

Small two-speed centrifugal pumps have been provided for elevat- 
ing this liquor to the biological filters, and these have capacities of 150 
and 100 Imp. gal. per minute at high and low speed respectively. 

Biological Treatment Units.—The units comprising this section of 
the treatment plant consist of two biological filters operating in series, 
each 60 ft. in diameter, with a 6 ft. 6 in. depth of filter bed. This filter 
bed will be made up of 1 ft. of 114 in. to 2% in. stone on top, beneath 
which is 5 ft. of 34 in. to 1% in. stone, and on the bottom 1 ft. of 2 in. 
to 3 in. stone. This stone is supported by a specially designed under- 
drainage system. The liquor will be applied to these filters by revolv- 
ing type distributors, which in turn are driven by water wheels actuated 
by the falling liquid. The distributors will be of the two-arm type, one 
arm only coming into operation for the smaller flows, while both arms 
will be utilized for distribution with the larger flow. 

Because of the odors associated with the application and tr eatment 
of these wastes, and also that of the digestion tank supernatant, it was 
decided to cover the filters and employ artificial ventilation, a high 
pressure fan capable of supplying up to 1,000 cu. ft. of free air per 
minute at 2 in. water gauge being provided for each filter, and located 
in the filter roof. This represents a maximum possible air supply of 
2,100 cu. ft. of free air per cu. yd. of filter medium per day, or 8 cu. ft. 
per Imp. gal. of liquid applied to the filter. Provision has been made 
for reducing this quantity if found desirable. 

It is expected that the covering of the filters will completely elim- 
inate fly nuisance as well. 

The size of these units was determined on the basis of the following 
peak loadings: 


(a) 0.93 Ib. of 5-day B.O.D. per cu. yd. of filter medium per day. 
(b) 132 Imp. gal. of liquid per cu. yd. of filter medium per day. 
(c) 573 Imp. gal. of liquid per sq. yd. of filter per day. 

Based on ordinary standards this is very heavy loading. However, 
the experimental work has shown that such loadings are possible for a 
period at least equal to that of the peak winery waste discharge. 

The necessary ‘‘light’’? openings have been provided in walls and 
roofs, as have the necessary access facilities. As pointed out above 
these two filters are arranged for series operation. However, the pipe 
work has been so arranged that either filter may be made the leading 
unit, and so, if necessary, tendencies towards filter choking in the lead- 
ing filter may be combated. Figure 5 shows a cross-section of one of 
the filter units. 
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Humus Tank.—In the experimental work a humus tank was used 
after each filter stage. However, our experience with this work demon- 
strated that the work performed by the second tank was insufficient to 
justify its use, particularly in view of the fact that the effluent is to be 
given further treatment in the treatment plant proper. Consequently 
only one humus tank is provided in the design and it is so arranged that 
it can be uséd after either filter, depending on which is the leader. 

The humus tank provided in the design is of the true Dortmund type 
with a Clifford type inlet. It is 20 ft. square on plan, has a side water 
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Fig. 6.—Cross section of humus tank. 


depth of 3 ft. 3 in. and a hopper bottom with sides sloping at 60° to the 
horizontal, giving a total water depth of 19 ft. 8 in. and a capacity equal 
to 21% hours of flow. The corners of the hopper are rounded to a radius 
of 4 ft. and the sludge withdrawal pipe is placed outside the tank, both 
features being designed to remove possible obstructions to sludge set- 
tling. 

The central baffle chamber is in steel, as are also the effluent collec- 
tion troughs which are located midway between the outer walls of the 
tank and the stilling chamber. The weirs are of steel and adjustable. 
A cross-section of the humus tank is shown in Fig. 6. 

The humus sludge, which based on the results of the experimental 
work will have a volume equal to about 540 Imp. gal. per day, will be 
withdrawn and pumped direct to the sludge digestion tanks. 
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The supernatant from the humus tank will be pumped to the second- 
stage biological filter, which is identical in all respects to the first-stage 
filter. 

The filtrate, which is collected from the second-stage filter unit, is 
the final effluent of the plant, and it will be passed direct to the aeration 
tanks for final treatment with the sewage. 


Construction PRoGRAM 


As the main sewage treatment plant will have capacity to spare 
during the early years of the design period, it is evident that less treat- 
ment. of the winery wastes will be necessary during this period, and so 
it was decided to build one of the biological filters and the humus tank 
for the time being, leaving the construction of the second unit until it 
is required. 

It is believed that the single stage biological unit will reduce the 
carbohydrate content of the waste sufficiently to prevent it causing 
sludge ‘‘bulking’’ troubles in the aeration tanks during the early years 
when these tanks have reserve capacity. This belief is supported by 
the results obtained from the experimental plant. 


Costs 


The question of costs does not enter into the subject matter of this 
paper. However, as a matter of interest the following is submitted: 


The cost of lime locally is £3.6 per ton, while sulfuric acid (S. G. 
1.82) costs £9.33 per ton. 

Based on the use of 850 Ib. of lime (85 per cent CaO) and 400 lb. of 
acid per day, the cost of treatment of 60,000 Imp. gal. of sewage-winery 
waste mix is £3.3 per day, or £198 a year based on a winery season 
proper extending over 60 days each year. 

No additional labor is required, and the cost of electrical energy 
is small as it is generated at the plant using sludge gas as a fuel. 


SUMMARY 


Experimental work carried out during two winery seasons demon- 
strated that winery wastes mixed with sewage in the ratio of 1 to 5 
could be successfully treated by chemical treatment using excess quan- 
tities of lime, followed by dilution and pH adjustment, with subsequent 
treatment on two-stage biological filters. 

The effluent obtained was such that it could be returned to the plant 
for further treatment with the sewage without any risk of upsetting 
that plant. 

A full-seale plant was then designed, embodying the features proved 
satisfactory in the experimental work. 
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NOTES ON THE “COST OF SLUDGE DISPOSAL” 
SYMPOSIUM * 


By J. W. Kirkpatrick 


Asst. Engineer, Bureau of Sanitary Engineering, Indiana State Board of Health 


At the combined meeting of the Indiana Sewage Works Association 
in Indianapolis, papers from Goshen, Kokomo, LaPorte, Michigan City, 
Richmond and Salem were presented and discussed. To a few of those 
present, the symposium showed some indications of being worth the ef- 
fort spent in preparation. To others present, the affair apparently 
was a lot of words, numbers and paragraphs. 

The various writers were not in agreement as to what form and 
nomenclature were in order in reporting the cost of sludge disposal. 
Burrin + of Kokomo just about summarized the difficulty when he said, 
‘‘This association should set up a standardization of costs entering into 
the handling of sludge . . . and give each plant something to shoot at 
in compiling costs. In the cost of handling sludge, shall we consider 
the costs of digesters, intéreconnecting piping, building allocation, ete.? 
[ raise these questions to get a better understanding of what we are 
going to inelude in what we go after. We will be only too glad to ob- 
tain material for a study of this type if we can agree on what informa- 
tion shall be obtained.’’ 

Jones,t reporting on the cost of sludge disposal at Michigan City, 
presented an interesting paper, the highlights of which are as follows: 


“The Michigan City Sewage Treatment Plant is designed and operated for com- 
plete treatment of a ‘combined’ sewage and embodies the following features in that 
treatment: grit channels, bar screens and screenings grinder, plain sedimentation tanks 
with straight line skimmers and sludge collectors, separate sludge digestion tanks fol- 
lowed by drying beds and lagoons. ; 

The secondary plant consists of spiral flow aeration tanks followed by circular sedi- 
mentation and clarifying tanks. 

Surplus activated sludge is wasted to the sewage ahead of the plain sedimentation 
tanks and is settled out in the primary system with the settleable solids in the raw sew- 
age. This mixture is pumped to the sludge digestion tanks as raw sludge. Ripe sludge 
from the digestion tanks is discharged by gravity onto underdrained gravel and sand 


* From ‘‘Sewage Gas,’’ Indiana State Board of Health, B. A. Poole, Chf. Eng., Paul 
Kleiser, Editor. 

+t T. J. Burrin, Superintendent of the Kokomo Sewage Treatment Plant. 

{ H. H. Jones, Superintendent of the Michigan City Sewage Treatment Plant. 
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filled drying beds or to lagoons as the occasion demands. When the plant was designed 
glass covers were specified for the drying beds but lack of funds necessitated their omis- 
sion. In consequence, the area of the beds proved inadequate and lagooning of ripe 
sludge was resorted to. : 

The digesters have a combined capacity of 146,000 cu. ft. or a design capacity of 3 
cu. ft. per capita. There are three of these. One, having a floating cover, is used as a 
primary digester and the two having fixed covers, as secondary digesters or storage tanks. 
Gas generated in the digesters is used in an internal combustion engine. 

The sludge drying beds are three in number. Each is 50 ft. wide by 150 ft. long. 
The combined area is 22,500 sq. ft. or + .5 sq. ft. per capita, design basis. 

During the first year of operation these beds were filled to a depth of 12 in., but 
during the second and third years this was reduced to 10 in. with negligible results in 
time saving so far as could be observed. The weather seems to be the deciding factor. 

The plant commenced primary operation on May 1, 1936, but it was not until almost 
January 1, 1937, when ripe sludge was discharged to the drying beds. At this time 
there was approximately 150 ‘dry tons’ of suspended solids in the digesters. Subse- 
quent samplings reveal that this 150 tons seems to be the right ‘ working balance.’ 

In this discussion the unit taken is the dry ton of suspended matter discharged from 
the digester to the drying bed. This unit is chosen for the following reasons: it repre- 
sents the ultimate end-product; it is possible to determine it accurately; it is possible to 
determine it with reasonable accuracy using crude equipment; and it eliminates uncer- 
tainty of volume due to moisture content of dry sludge. 

The period embraced is from January 1, 1937 to August 31, 1939. During the 32 
months under consideration: 


86 batches or 1,113 dry tons, having a wet volume of 571,000 eu. ft. were drawn from 
the digesters. Of these 86 batches: 


54 batches, or 777 dry tons, having a wet volume of 366,000 cu. ft. were delivered to 
drying beds, and 

32 batches or 336 dry tons, having a wet volume of 205,000 cu. ft. were delivered to 
lagoons. 


In physical character the sludge ‘to beds’ averaged 7 per cent suspended solids and 
93 per cent moisture and the sludge ‘ to lagoons’ averaged 5.9 per cent suspended solids 
and 94.1 per cent moisture. 


Cost of Delivering Sludge from Digesters to Beds. 


Sepa TRIO AMI IG) DOE 5. 0.5 i516:0%s 64:0 aus 0:60 a big opera. 6 vin Wowie B44 ave De Bie $ 162.00 
270 hrs. asst. operator’s time @ 55¢ 148.50 


— 


216 hrs. helper time (reconditioning) @ 


Plus 25 per cent for superintendence and technical 104.62 


Es eh crall'sis no ale wwe 6M .bd Gis dco dialwaweeeee $ 523.12 
Cost for maintaining drying beds: 

300 tons washed torpedo sand 374.38 

ee ES Me NMURE SIRS PUNETT 0) DOES oon x i's a 0s: 016 aves no's, wis 0 see bw 7a) 'gin G's ia Wold eis 81.00 

Labor unloading and spreading sand 219.00 


Total cost of maintaining beds 674.38 
Total direct cost for 777 dry tons sludge delivered to drying beds 
Total direct cost for 1 dry ton to drying beds 


Cost of Delivering Sludge to Lagoons. Three lagoons for storing ripe sludge were 
built but since only two are in use the cost of two lagoons, only, will be considered. In 
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constructing these lagoons it was necessary to build 450 lineal feet of dam 5 ft. high by 
4 ft. wide on top and 19 ft. wide at the base. The yardage involved was 960 cu. yd. The 
capacity of the two lagoons is 100,000 cu. ft. While there has been discharged to these 
lagoons 205,000 cu. ft. of wet sludge they are only half full so in figuring cost of lagooning 
sludge only half the cost of the dam will be considered : 


Three lagoons for storing ripe sludge were built but since only two are in use the 
cost of two lagoons, only, will be considered. In constructing these lagoons it was nec- 
essary to build 450 lineal feet of dam 5 ft. high by 4 ft. wide on top and 19 ft. wide at 
the base. The yardage involved was 960 cu. yd. The capacity of the two lagoons is 
100,000 cu. ft. While there has been discharged to these lagoons 205,000 cu. ft. of wet 
sludge they are only half full so in figuring cost of lagooning sludge only half the cost 
of the dam will be considered: 


TD) WARS ORIONENUON: MRC D NOE 57 alc 5 neiisscha-a Sisk ¥/aie 0's < 2c, o1alere wlocaleleio-e alesis miata rahe $ 96.00 
160 hrs. asst. operator time @ 55¢ 


Total 
Plus 25 per cent for superintendence and technical 


TRIMER REIN TRIMS GS oho oc i's Wie. '5 Go) Sane Wiss ead 96 vase w etota a obec Ole e Bare ee wets $ 
1% cost of constructing dam 


Total direct cost of delivering 336 dry tons to lagoon .............ceceececececes $ 

Total direct cost of delivering 1 dry ton to lagoon 

Aggregate cost for delivery of 1,113 dry tons to beds and lagoons: 

Cost of sludge to beds 1,197.50 
Cost of sludge to lagoons 


Total cost $1,667.50 
Average cost for 1 dry ton to beds or lagoons 


Some revenue has accrued from sale of sludge. To date this has amounted to 
$587.85. If this amount is deducted from the aggregate cost of sludge delivery to beds 
and lagoons the result is the net cost of sludge delivery, or $1,079.65 or $0.969 per dry 
ton of sludge. 

Since it has never been necessary, at Michigan City, to unload a sludge bed or dig 
out a lagoon of sludge, the direct cost for sludge disposal stops at this point. However, 
a few observations and equivalents may help operators of other plants make compari- 


sons: 


Minimum 11-2 yd. loads or 22 ecu. yd. 
Maximum 23-2 yd. loads or 46 eu. yd. 
Average 18-2 yd. loads or 36 cu. yd. 


Since the total dry tonnage of 54 beds was 777 dry tons it follows that the average 
bed contains 14.4 dry tons, and 


1 dry ton=2.5 cu. yds. 
or 1 eu. yd. = .4 dry ton or 800 dry pounds. 


On a cubic yard basis, assuming the above to be correct, the net cost of handling the 
average cubic yard from digester to bed at Michigan City would be .4 X $0.969 or $0.388. 

It is of passing interest to note that 1,113 dry tons is the end product of 4,500 
million gallons of sewage entering the plant. This is the equivalent of .244 dry tons or 
488 dry pounds per million gallons. 

For those interested in non-operating costs at this plant the following may be of in- 
terest: The Department is capitalized at $825,134.82, made up in the following grouping: 
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Collecting system (interceptors, sewer, etc.) $410,392.47 
Treatment plant and equipment 401,395.00 
13,347.35 


$825,134.82 


This represents revenue bonds, moneys donated by P.W.A. and materials and labor donated 
by W.P.A. 

During the period embraced in this report, payment on debt retirement and interest 
for that part of the capitalization representing sludge beds was $1,002.90. If this 
amount was chargeable to operation the cost per dry ton for handling sludge would be 
increased by $0.901.” 


Other papers indicated that similar treatment plants are likely to 
arrive at similar sludge disposal costs. Ross,* of Richmond, reported 
a disposal cost per cubic yard of dried sludge ranging from $.324 to 
$.634 which appears to agree with Michigan City’s costs. Reports on 
incineration costs at LaPorte and Kokomo showed that the unit costs 
were higher and that the charges per dry ton of sludge incinerated 
decrease rapidly as the length of incinerator runs increases. 

Another interesting item brought out in this symposium was the 
wide variation of experience in regard to the removal of dried sludge 
from drying beds. In some localities, there is a sufficient demand for 
the sludge to allow some revenue to accumulate from its sale. Some 
plants must give the sludge away to facilitate its removal from the beds 
while a few plants find it necessary to use their own resources in re- 
moving and disposing of the dried sludge. Offhand, it appears that the 
demand for dried sludge for agricultural purposes could probably be 
increased somewhat in most communities by a little advertising. 

In order to get an opinion into the records and in order to start a 
discussion of the subject, this writer proposes that sludge disposal costs 
be computed as follows: 


1. The total cost of sludge disposal shall be the sum of the following 
items minus the credits accrued from gas power utilization in other 
processes, and from the sale of sludge. 


A. Fixed charges on all portions of the capitalization (structures, land, 
piping, pumps and other equipment), representing sludge con- 
trol, handling and disposal facilities. Depreciation should be 
included. 

. Maintenance charges on all of above facilities (materials and labor). 
. Operation charges on all of the above facilities (materials, labor, 
power and heat). 


Note.—Labor includes common labor, technical control and super- 
vision. It is assumed that sludge handling equipment consists of pip- 
ing, digesters, gas storage tanks, drying beds, incinerators, and all 
other facilities which would not be present if sludge had the habit of 
mysteriously disappearing at the end of the sedimentation (or diges- 
tion) process. 

* W. E. Ross, Superintendent of the Richmond Sewage Treatment Plant. 
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Editor’s Note——It is debatable if depreciation should be included. 
Also the record of the items A, B, and C above should be kept as sepa- 
rate items in order that satisfactory comparisons may be made with 
other treatment plants. 





OPERATION RECORDS AND WHAT THEY MEAN 


By Kennetu Morkert 


Supt., Dept. of Sanitation, Frankfort, Indiana 


Why go through the daily routine of filling out long tedious opera- 
tion record forms? This is a question which we all ask ourselves at 
some time or another. These records, however, are of vital importance 
to our well being. I would like to outline here five major reasons for 
the keeping of operation records. They are: 


o 


(a) To provide protective proof if and when law suits arise regard- 
ing alleged poor operation of our plants. 

(b) To provide suitable data for the design of extensions to our 
plants. 

(c) To indicate whether our plants are functioning properly. 

(d) To allow us to sum up just what we have accomplished. 

(e) To provide authentic data for our monthly and yearly reports. 


To the small plant operator who has no laboratory to assist him in 
obtaining technical data, no flow meters or other recording devices, the 
matter of records may seem of small consequence. He must remem- 
ber, however, that each day he performs certain duties in a routine 
manner. These duties, if properly recorded, form a valuable source of 
information to him at a later date when compared with the actual ac- 
complishments of his plant. For instance, there may be a short period 
of time during the year that he is bothered with certain difficulties. In 
looking back:over his records he finds that these same difficulties oc- 
curred at approximately the same time of the year under the same 
operating conditions. This would tend to show the necessity of chang- 
ing his operating schedule during that time of the year to meet that 
particular condition. The operator might want to know the amount of 
screenings taken off the bar screens in order to show his superiors that 
a mechanically raked bar screen would pay for itself in the amount of 
labor saved and would be more positive in its accomplishments. He 
might also wish to make a little money on the sale of sludge to help ap- 
pease the unhappy taxpayer who just cannot understand why a sewage 
treatment plant needs so much money to operate on. This would again 
bring him back to his records. Just how much sludge does the plant 
produce in the course of a year and is there enough to warrant the buy- 
ing of equipment to process this sludge. 

These questions and hundreds of similar questions may be answered 
for the operator who sees the vaiue of keeping these records and using 
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them after they are once made. This brings to mind another thought 
—that of the operator who records all of his data and various findings 
but who fails to profit from these recordings. Don’t make the mistake 
of keeping records to collect dust in your files. If you do this, you are 
as much at fault as the operator who keeps no records at all. 

A great deal more can be said about this subject of operation records 
than I could ever hope to report here. I believe that if you will just go 
back to those five major reasons for keeping records that I set forth at 
the very beginning of this paper and analyze each one separately you 
will prove to yourself the value of operation records. 





SPRING MILL STATE PARK HOTEL SEWAGE 
TREATMENT PLANT 


By R. W. Heiper 


Asst. Engineer, Bureau of Sanitary Engineering, Indiana State Board of Health 


A mechanical aeration-activated sludge type sewage treatment plant 
was completed at Spring Mill State Park in March, 1939. This plant 
was constructed to treat the sewage from the new park hotel and ad- 
jacent cabins. This project is part of the program of the State Con- 


servation Department to improve the sanitary facilities at the state 
parks and thus protect the health of the million or more persons that 
visit these recreational areas annually. 

The plant was designed to treat 25,000 gals. of sewage per day with 
a maximum rate of flow of 40,000 gals. per day. During the months of 
warm weather, the average population of the hotel is from 100 to 150, 
including employees. On week-ends the population is about 400. The 
hotel operates its own laundry. At the present time the capacity of 
the plant is considerably greater than necessary. 

Description of Plant.—A sanitary sewerage system collects the sew- 
age from the hotel and cabins and conveys it by gravity flow through an 
8 in. sewer to the treatment plant located in a nearby wooded ravine. 
Although the plant is within 200 yds. of the hotel, the wooded ravine 
provides a suitable isolated site. 

The sewage is discharged into a small by-pass chamber and thence 
through a 7 in. comminutor to the primary settling tank. The com- 
minutor reduces the large pieces of matter in the sewage to small parti- 
cles so that they will not clog any conduits and eliminates the handling 
of screenings. The comminutor can be by-passed and the sewage dis- 
charged directly to the primary tank. All flow through the plant is by 
gravity. 

All the treatment units except the sludge drying beds are an integral 
part of one compact concrete structure. These units are the com- 
minutor, primary settling tank, combination aerator-clarifier, waste 
sludge hopper, digester and control room. 
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The primary settling tank is a rectangular hopper bottom tank 
equipped with a scum trough which drains the scum to the digester. 
Sludge collects in the hopper bottom and is drawn to the digester by 
gravity. The sloping sides of the tank are scraped down with a long 
handled squeegee before sludge is drawn. The tank is 6 ft. wide and 
10 ft. long and has a liquid depth of 10 ft. 

The settled sewage flows into the aeration tank of the combination 
aerator-clarifier. This unit is 13 ft. square with a liquid depth of 10 ft. 
The bottom slopes to the center. The aeration volume is that between 
the outside tank walls and the 8 ft. diameter galvanized iron settling 
chamber at the center. The settling chamber surrounds the draft tube 
and aerator propeller. Directly above the propeller is the diffuser cone 
which directs the sewage out into the air and thence onto the splash 
plates above the settling chamber. The primary effluent flows into the 
aerator, is mixed with the mixed liquor, and is circulated and aerated 
continuously. The sewage is pumped up the draft tube by the pro- 
peller near the top of the tube and is forced against the diffuser cone. 
Mixed liquor continuously flows from the aeration section to the clari- 
fier compartment. 

A waste sludge hopper adjacent to the aeration tank is used to con- 
trol the sludge content of the mixed liquor. This hopper is 4 ft. square 
with a liquid depth of 5 ft. It is connected to the aeration tank by two 
openings. One opening, the inlet, is equipped with a gate and the other, 
the outlet, is equipped with an adjustable weir. By adjusting the inlet 
and outlet, the flow of mixed liquor through the hopper is controlled. 
Waste sludge which settles to the bottom of the hopper is drawn by 
gravity to the digester. 

As was previously mentioned, mixed liquor flows continuously from 
the aeration section to the secondary settling or clarifier section. The 
clarifier is cylindrical in shape with a conical bottom. The upper part 
is 8 feet in diameter and the lower part is reduced to a diameter of three 
feet. The sewage entering the clarifier must flow upward and over the 
circular weir located around the draft tube underneath the cover of the 
clarifier compartment. Sludge which settles out of the clarified liquid 
drops down into the conical portion of the clarifier and is discharged 
into the stream of mixed liquor entering the lower end of the aerator 
draft tube. 

Sludge is drawn from the primary tank and waste sludge hopper to 
the digester by gravity. The digester is of the fixed cover type and is 
13 feet square with a liquid depth of 11.5 feet. There are no provisions 
for heating the sludge. 

There are two sludge drying beds of the conventional design. Hach 
is 10 by 20 ft. making a total of 400 sq. ft. drying area. The under 
drains discharge to the outfall sewer. 

Remarks.—All construction work on this sewage treatment plant 
was done with Civilian Conservation Corps labor. The material and 
equipment cost was approximately $4,500. 
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SEWAGE DISPOSAL PLANT FOR TEMPE, ARIZONA * 
By E. W. Datey 


City Manager 


The construction of an adequate sewage disposal plant for the city 
of Tempe has long been one of the major problems confronting this city. 

The original estimate of the cost of the project was $65,000. The 
low bid was accepted at $51,444. With the addition of a number of 
extras, the original estimate of $65,000 was the eventual cost of the 
plant. A grant of $29,250 was made by the P.W.A., plus a loan of 
$35,750 to be repaid by means of sewer rental. A sewer rental ordi- 
nance was passed by the city council. 

The schedule of charges applied to the sewer rental ordinance is on 
a flat monthly charge, based on the size of the meter that furnishes 
domestic water to the consumer. This charge is not made to the prop- 
erty owner necessarily, but to the actual user of sewer service. 

The type, size, and location of the plant was decided after a careful 
study of the recommendations of the engineering firm of Hawley, 
Freese, and Nichols of Ft. Worth, Texas. This firm was employed in 
1937 to make a survey of the sewerage system of the city, and submit a 
design that would meet the approval of the Engineering Division of the 
Arizona State Board of Health. The city asked that this proposed 
plant should be capable of expansion as the growth of the city de- 
manded it. 

The location of the plant that was finally agreed upon, is one that 
will allow the sewage to enter and leave the plant, without the necessity 
of pumping. The plant consists of an Imhoff Tank 22 by 77 ft. by 19 
ft. depth, a sand trap, bar screens, three Dunbar beds, and the necessary 
sludge drying beds to receive the sludge produced by the Imhoff Tank. 

The location of the plant is ideal from the standpoint of economy, 
but developed several difficulties in its construction. First, the soft 
silty texture of the soil necessitated an extra large excavation for the 
construction of forms for the Imhoff Tank. Second, the Imhoff Tank 
required depth placed the bottom of the excavation below the standing 
water level. Third, the removal of the excavation water to permit 
the fabrication of the tank bottom taxed the resources of the contractor. 

The location of the plant placed an extra burden of expense on the 
city, for it was necessary to build a levee around the entire plant to 
remove the hazard of floods. Inasmuch as the plant is placed on the 
south bank of the Salt River, at a point sometimes reached by the river 
in flood stage, this levee had to be properly placed and constructed so 
that it would not scour, and would preclude the entrance of any flood 
waters. 

An item that made the construction of the plant difficult was the 
scarcity of some grades of gravel used in the construction of the Dunbar 


* From ‘‘ Official Bulletin’? Arizona Sewage and Water Wks. Assn., Jan., 1940. 
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Beds. These Dunbar Beds are 112 ft. long and 110 ft. wide, filled to 
a depth of 4 ft. with sand and gravel, with an additional 1 ft. of free- 
board. The floor and sloping sides of these beds are of reinforced 
concrete. The floors of each bed are pitched to drain to three troughs 
running lengthwise of the bed. These troughs are roofed with con- 
crete slabs slotted to permit the filtrate entering the troughs, and so 
constructed as to prevent the exit of filter materials. 

The bottom of the bed is covered to a depth of 20 in. with river 
boulders, 3 to 6 in. in size. On top of this base course, an 8 in. layer 
of 1 to 1% in. rock is placed, followed by a 6 in. layer of 4 in. gravel. 
The actual filtering medium is the 16 in. depth of sand %;5 to % in. 
placed over the preceding layers. The surfaces of these filters are 
regularly hand cleaned, whenever it is apparent that clogging is taking 
place. 

The Imhoff tank effluent is distributed over the surface of these beds 
by three wooden troughs in each unit. These troughs are laid on the 
surface of the sand and, due to the construction, permit a ready adjust- 
ment of flow over the entire surface. After passage through the beds, 
the effluent is piped to the river. Each bed is a separate unit. One is 
used for 10 days, is allowed to dry out, the top is raked, and it is then 
put back into service. 

Grass, trees, shrubs have been planted on the levees to insure the 
stability of these dikes. The city feels that they have accomplished a 
great deal in converting what was formerly a cesspool in the midst of 
a jungle, to a clean, healthy locality. The plant was placed in operation 
March 9, 1939, and up to this time has operated satisfactorily. 

Too much credit cannot be given to our state sanitary engineer for 
his untiring efforts through the medium of the State Board of Health 
and his own personal efforts to see that the city might get the most for 
its money. We feel that this has been accomplished. 

Note.—This paper was presented before the Association in its Phoe- 
nix meeting May 5-6, 1939. 





WAHPETON TREATS ITS SEWAGE * 


By Grorce Swiccum 


Engineer, Lium and Burdick, Consulting Engineers, Grand Forks, North Dakota 


The sewerage system of Wahpeton, built many years ago, consisted 
of a lateral system of sewers connected to three separate sewer outlets 
which discharged directly into the waters of the Red River. The new 
sewage disposal plant, north of Wahpeton, replaces this with a modern 
system. 

* From the ‘‘ Official Bulletin’’ of the North Dakota Water and Sewage Works Confer- 
ence for November, 1939. Published monthly by No. Dakota State Dept. of Health, L. K. 
Clark, Editor. 
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The disposal works consists of a combined lift station, office building 
and settling basin, one digester, trickling filter and sludge drying bed. 
The control building is a three-story concrete circular building 35 ft. 
in diameter, 37 ft. deep and faced with hollow tile. The lower sub- 
surface stories are divided into two parts with lift station No. 2 forming 
the west portion of the bottom two floors and the dry pit and the con- 
trol room forming the east portion of the building. A unique and 
novel design has been incorporated in this part of the plant since the 
sedimentation basin or clarifier forms the roof of the entire building. 

Sewage entering lift station No. 2 from the main collector system 
is pumped to the clarifier by any combination of the three pumps in 


the lift. 
CLARIFIER AND FILTER 


The sewage entering the clarifier has a normal retention period of 
from 1% to 3 hours depending upon the normal flow. 

The filter bed has an average depth of 7 ft.,6 ins. Only half of the 
filter is housed. It is planned that the housed portion of the filter will 
be of sufficient capacity to care for the winter flows thus enabling the 
outdoor filter to be taken out of service during the extreme low winter 


temperatures. 
DIGESTER 


The solids settling to the bottom of the clarifier are pumped to the 
digester. This is a round tank 30 ft. in diameter and 24 ft. deep located 
to the northwest of the control building. 

The digester is not mounded up with earth as has been the usual 
practice in North Dakota. Instead of the earth mound, a tile wall is 
placed outside of the concrete digester wall with an air space of 2 ins. 
between the two walls. On top of the regular digester cover is placed 
about 12 ins. of earth and this is covered with another concrete floor. 
It is believed the above method of insulation will prove as effective as 
the earth mounds. 

The digester is heated with hot water coils supplied by a hot water 
boiler in which the gas generated in the digester is burned. 

Supplementary gas was supplied from pressure cylinders to the 
boiler when the plant was put into operation. After three weeks of 
operation, about 1,200 to 1,400 cu. ft. of gas per day was generated. 
The temperature of the sludge was maintained at about 90°, which is 
somewhat higher than the temperatures maintained at other plants in 
the state. 

Three beds are provided to dry the sludge from the digesters. 

The plant was designed by Lium and Burdick, engineers, Grand 
Forks, and was constructed by the Meinecke-Johnson Company, con- 
tractors, Fargo, at a total cost of $82,415.96. The collector sewer was 
built by L. C. Byerly, contractor of Breckenridge, at a total cost of 
$10,961.10. The total construction and other costs of the project in- 
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cluding the trunk sewer and disposal plant being $101,400.00. Of this 
amount 45 per cent of $45,630.00 was supplied by the P.W.A. 

The entire system was put in operation the third week in Sep- 
tember, 1939, when final joint inspection was made by officials of the 
Public Works Administration and Lium and Burdick, engineers. J. P. 
Droiteour, resident engineer inspector, was in charge of the inspection 
for Public Works Administration, assisted by Rubin M. Stee and 
Walter Johnson. 

Rates 


On January 1, 1940, the water bills will have an additional charge 
for Sewage Disposal, covering the months of October, November and 
December of 1939. 

The following charges or rates apply: 


Residence of single family occupancy, 75¢ per month. 

Duplex residence, two family apartments connected to one water 
meter and not using in excess of 6,000 gallons of water per quarter, each 
50e per month, each family. 

Flats, apartments which are all connected to one water meter, 50c 
per month, each apartment. 

Commercial buildings with apartments on the second floor—com- 
mercial part, 75¢ per month, each apartment, 50c per month. 

Commercial buildings, 5e per month, minimum charge, and an addi- 
tional charge of 9c per one thousand gallons of water used in excess of 
25,000 gallons per quarter. 





SYMPOSIUM ON “AN OPERATOR’S DAY AT A 
SEWAGE TREATMENT PLANT * 


Discussion Lep spy CuarLes C. Acar 
Senior Sanitary Engineer, New York State Department of Health, Albany, N. Y. 


In arranging the program for this meeting, it was felt that, in view 
of the large number of sewage treatment plants now nearing completion 
in New York State, a discussion to bring out the work and duties in- 
volved in sewage plant operation would be timely. Such a discussion 
has, therefore, been arranged to cover both so-called simple and com- 
plex plants including the experiences of part time as well as full time 
operators. This symposium should provide an aid to prospective op- 
erators, a basis for discussion by the operators present, and a source 
of information for consulting engineers, municipal officials and others 
concerned with the design and operation of plants. 

It has been said that consulting engineers sometimes minimize the 
operating attention that a plant should receive in ‘‘selling’’ a project 


* Held at Fall Meeting of the New York State Sewage Works Association, Olean, N. Y., 
Oct. 6 and 7, 1939. 
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to the community. As we all know there is more to operating a plant 
than raking a screen and pushing a button to start a sludge pump. 
But none of us can fully appreciate the actual work involved until we 
have lived with a plant through its trials and tribulations. 

In visiting plants throughout the State it is a common occurrence 
to find that an operator is experiencing some difficulties, some serious 
and others of a minor nature. The consulting engineer is sometimes 
considered responsible for some oversight or failure to anticipate the 
condition. But we frequently lose sight of the fact that there are few 
plants that are perfect in the ultimate sense of the word, where some 
changes in design or facilities might not have improved control of 
operation. We are in an age when developments in the art of sewage 
treatment are being made at a rapid rate and how else can we learn 
than through experience. 

In ease of difficulties in operation of new plants the engineer should 
be the first to be advised for he should be in a position to recommend 
the most practical changes in either design or operation. The mu- 
nicipality will not only profit thereby but also such experience will be 
invaluable to the engineer when designing future plants. There should, 
therefore, be a-mutual spirit of co-operation between the engineer and 
operator so as to further facilitate the development of the art of sew- 


age treatment. 
This is the operator’s day and in future programs we will plan to 


discuss the operation of plants from the point of view of the designing 
engineer. 


Discussion By Wiiu1aAm D. DENIsE 


Superintendent of Sewage Treatment Plant, Town of Greece, Rochester, N. Y. 


The treatment plant of the Town of Greece is an activated sludge 
plant with a designed capacity of 1,000,000 gallons per day to serve a 
population of 10,000 persons. The plant and sewerage system is en- 
tirely new and has been in operation for slightly more than a year. 
The average flow for that period has been 248,000 gallons per day and 
the connected population at the present time is 4,100. 

The raw sewage has averaged 140 p.p.m. 5-day B.O.D., and 220 
p.p.m. suspended solids. We have effected 94 per cent removal of 
B.0.D., and 97 per cent removal of suspended solids. 

The plant embodies the following units: two grit chambers, com- 
minutor, primary tanks, mechanical down draft aerators, final clarifiers 
with magnetite filters, hopper bottom sludge storage tanks, chlorinators, 
vacuum filters, and an incinerator. Operation of the plant requires a 
staff of five men including the superintendent. 

At 8 A.M. the operator begins his day’s work by taking a reading 
of the flow meter, oil meter and electric meter, the temperatures of the 
influent and effluent sewages, air temperatures, wind direction, and 
weight of chlorine cylinders. He determines the chlorine residual at 
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8 A.M. and again at 11 A.M.—1 P.M.—4 P.M.—10 P.M. and 4 A.M. 
He then begins to draw the sludge from the primary tank to the sludge 
hopper. It is drawn very slowly, an operation requiring usually about 
1% hours. While the sludge is running the operator takes a pH of the 
sludge in the storage tanks. We try to maintain a pH of 7.6 in these 
tanks and, if necessary to attain this, milk of lime is added. The super- 
natant liquor is drawn from the tanks through shear gates at two 
levels. By keeping the pH at 7.6 the sludge is more concentrated and 
filters more readily. After the supernatant liquor has been drawn 
from the storage tanks the primary sludge is then pumped to these 
tanks. The primary tank is skimmed 9 times daily and the skimmings 
buried. 

Samples of primary tank effluent, aeration tank contents, return 
sludge, and final effluent are taken daily at 1 P.M., settleability and sus- 
pended solids determinations on the mixed liquor and return sludge, 
dissolved oxygen determinations of the primary, mixed liquor, and final 
effluents, and a pH of all samples is made. 

Every sixth day, hourly samples are taken of raw sewage, primary 
tank effluent, and final effluent. These are then composited. An hourly 
sample of the mixed liquor, taken from the channel to the final tanks, is 
taken in 2-quart jars and allowed to settle for one hour, after which 
100 ml. are siphoned off and composited. Samples are taken from a 
point 1 ft. below the magnetite filter bed three times on sampling day. 
Upon these samples the following determinations are made: 5-day 
B.0.D., suspended solids, and settleable solids on the raw and primary 
sewage. 

If the day operator has any leisure time after routine work is com- 
pleted, it is used for the mowing of about two acres of lawns, painting, 
repairing, greasing of equipment, cleaning of grit chambers, and many 
other duties too numerous to mention, all of which are necessary to the 
successful operation of the plant. 

At 4 P.M. the operator on this trick burns all of the rubbish that 
has accumulated during the previous 24 hours. During the summer 
months he works around the yard and completes the work started by 
the day operator. After dark the daily cleaning of the buildings is 
started and this work is continued by the operator starting work at 
midnight. The buildings and equipment are thoroughly cleaned each 
24 hours, and if necessary the floors are waxed. 

At daylight the operator flushes and hoses down the tanks and chan- 
nels. This task requires about 2 hours. 

At present it is necessary to dewater and incinerate about every 10 
days. This usually requires about 30 hours. At this time two opera- 
tors work on each trick for 12 hours. During the process of incinera- 
tion samples of sludge are taken and composited each hour. From 
these samples pH and dry solids are determined. Three samples of 
filter cake are taken each hour and weighed to determine the weight 
of the cake to the incinerator. After weighing these samples a small 
portion is used for moisture and volatile determinations. After in- 
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cineration about 12 hours are devoted to thoroughly cleaning the filter 
and incinerator rooms. 

This, I believe, completes the schedule for 24 hours operation of 
our plant. 

The personnel takes real pride in the appearance and up-keep of 
the plant and its surrounding grounds, and visitors are enthusiastic in 
their praise of the standards maintained. 










Discussion By GLENN A. WILLIAMS 
Superintendent of Public Works, Cuba, N. Y. 











The sewage treatment plant at Cuba consists of an Imhoff tank with 
a capacity for a population of 2,500. Cuba now has a population of 
about 1,750. 

The plant is visited three times daily. The first visit is made about 
7:30 A.M. at which time the gas vents are given attention and stirred up 
by breaking up the floating solids so the gas will vent freely. If there 
is any scum on the tank this is also broken up so it will settle into the 
digestion chamber. The slots are kept clean by the use of a large chain 
dragged through the openings. I have at different times used a fire 
pumper to break up the solids in the gas vents, pumping the water from 
the creek nearby. Grease and scum are removed from the tank and 
buried or dried and burned. 

I visit the plant again between the hours of 10:00 and 12:00 A.M. at 
which time I make a test for residual chlorine, as this is the time when 
the sewage flow is at its peak. The amount of chlorine used is from 18 
to 20 Ib. per 24 hr., showing a residual of 0.5 p.p.m. at the peak flow of 
the sewage. I do not change the rate of chlorine treatment for differ- 
ent changes in the sewage flow; that is, the same amount of chlorine is 
fed into the tank at all times. 





























CarE OF CHLORINE APPARATUS 


The chlorine machine used is of the manual control dry feed type. 
Careful attention is given to any leaks. A full set of gaskets is on hand 
at all times. The machine is kept painted and well greased. Every 
two weeks during the change of tanks I pump carbon tetrachloride 
through the machine. [I find that in doing this it keeps the small open- 
ings in the machine free of ‘‘dry chlorine’’ and also keeps the com- 
pensator valve working freely as well as the back pressure valve. Ev- 
ery month I remove the diffuser and clean it with warm water. In 
doing this I find that the setting of the manometer scale will correspond 
with the amount drawn from the chlorine tank in the 24 hours and the 
back pressure gauge will show about 10 pounds. 






PuMPING oF SLUDGE 


The time for pumping is determined by the depth of the sludge in 
the digestion chamber which is measured with a pitcher pump with a 
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hose attached marked off in feet. When the sludge depth is about 4 ft. 
the plant is pumped and the sludge is drawn down to about 18 in. Care 
is taken not to remove all digested sludge. The sludge is pumped onto 
drying beds, of which there are two. The drying time on the beds de- 
pends upon the weather as our beds are not covered. When the sludge 
is thoroughly dry it is removed and hauled away to farmers. This we 
do as I have found it hard to dispose of it in any other way. 


SETTLEABLE Souips TEst 


I make a settleable solids test at least twice a month. These tests are 
made with Imhoff cones and are made when the sewage flow is at its 
peak. In making these tests I do not collect both samples at the same 
time. I collect a sample from the influent first. In about an hour a 
sample is taken from the effluent. This is done in this way as the deten- 
tion time of the tank is about one hour. This I have tried to time by 
using bluing but without much success. 


BuILDINGs 


There are two buildings. One is for the sludge pump and one for 
the chlorine machine. These buildings are painted with aluminum 
paint trimmed with green. I find that aluminum paint gives the best 
service around chlorine fumes of any that I have tried. The steel I 
beams over the tank are painted with red lead and oil. This keeps them 
from rusting from the gases rising from the tank. Heating is done 
with an oil stove which gives good results, as the plant is not near a 
gas service. This type of heating is very reasonable in regard to fuel 
in the coldest months of the winter. The consumption is only 2 gal. per 
24 hr., with fuel oil at 8 cents per gallon, or 16 cents per day. 

The outside of the Imhoff tank is painted with white traffic paint, 
which stays well and gives the plant a better appearance. I hope in 
the very near future to set out some evergreen trees around the plant 
and improve the grounds. We have done some filling and grading and 
are ready to seed some of it. The location of the plant makes it hard 
to keep the grounds in nice shape, as it is located near the creek, which 
overflows during high water and washes the grading out. 


SEWER SysTEM 


I make inspection trips of the sewer system about every month, at 
which time all inverts are flushed out. I have had some trouble with 
roots in the sewer system until we purchased sewer cleaning equipment, 
which does a real job of cleaning sewers. I have taken out as much as 
five bushels of roots in 300 ft. of 18 in. sewer, which was on the main 
trunk line. A also find by putting the cleaning equipment through 
sewers where the flow seems to be good that we get roots if there are 
any poplar trees near the sewer line. I also find that elm trees are 
almost as bad for sewers as poplar trees. We have had stoppage in 
sewers from soft maple roots also. 
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Discussion BY JoHN OC. STROWBRIDGE 


Superintendent of Water and Sewers, Dundee, N. Y. 


Our plant is situated in the village of Dundee, Yates County, New 
York, midway between Penn Yan and Watkins Glen, and about three 
miles west of Seneca Lake. 

The plant was built in 1929 and consists of a pre-chlorination éon- 
tact mixing chamber, two covered hopper-bottomed settling tanks, a 
sludge sump and pump, and two glass covered sludge drying beds, each 
17 by 74 feet. 

My time is divided between the care of this and the village water 
works plant. I time my daily visit to the disposal plant as near 9:00 
A.M. as is possible. The daily routine is started with filling out the 
daily record of the monthly report to the State Department of Health. 
These records cover the temperature of the air, direction of the wind, 
weather conditions, temperature of the sewage, residual chlorine at the 
effluent and the depth in inches of the flow of water over the weir, which 
is converted to gallons per day. 

The routine care of the sewage is as follows: The receiving chamber 
is inspected and the sewage is stirred and the chamber flushed each day. 
A sample of the raw sewage is tested for settleable solids by the Imhoff 
cone. This sample is allowed to settle in the cone for 45 minutes, is 
then shaken and left to stand for another fifteen minutes before a read- 
ing is taken and recorded. After this the cone is cleaned for future use. 

After leaving the mixing chamber the sewage passes into the settling 
tanks. There are two of these tanks, each 18 by 52 feet. One is used 
at a time while the other is digesting. Tracing the course of the sewage 
through these tanks will indicate approximately the requirements neces- 
sary in the care of this part of our work. The active tank receives the 
sewage direct from the mixing chamber. In this tank the solids sepa- 
rate from the water and are deposited in the bottom of the tank. The 
water from the tank passes out over the weir into the sewage outlet. 
When the solids in this tank have reached a depth of 5 ft., more or less, 
the flow from the mixing chamber is shifted to the second tank which 
becomes the active unit. The solids in the first tank then start diges- 
tion which requires about three months for completion. During this 
period the tank is under frequent inspection and from time to time is 
thoroughly stirred, and all scum that has formed is broken up. 

When the digestion is completed the residue is pumped to the sludge 
beds. There the water from the tank is allowed to drain off and the 
solids that remain are dried on the sludge beds. This process requires 
the changing of the ventilators on the enclosure twice each day. When 
dried the sludge is removed for fertilizer. The cleaning of these sludge 
beds requires raking and leveling and sometimes resanding. The com- 
plete process requires practically a day, three or four times each year. 

The flow from the effluent weir is tested for residual chlorine, morn- 
ing and evening, each day. Three times a week an Imhoff cone test of 


this effluent is also taken. 
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The general sewer system, other than the disposal plant, is flushed 
and inspected each spring and fall and any defects that may be found 
are repaired. Some parts of the sewer system require more frequent 
inspection and care because of the presence of ground water and quick- 
sand. 

The chlorination house requires care at least twice each day during 
cold weather for protection against freezing. A coal stove and electric 
bulbs are used for heating. The tanks of chlorine have to be trans- 
ferred from the station to the plant once each month. The installation 
of new tanks is necessary about three times each month. The chlori- 
nator is cleaned twice each year and is given daily inspection. These 
chores all take time. 

An inspection of Big Stream Creek, into which the effluent dis- 
charges, is made at least once each month. 

This summer nearly a month was spent in repainting the sludge bed 
enclosure and other buildings. The replacement of broken glass in the 
drying house is an item of work from time to time. 

In addition to the foregoing, considerable time is required to keep 
the plant clean and in order, and in summer our lawn requires frequent 
attention. In general, we think that the care of such plants should be 
considered as furnishing a full time job. 


Discussion By H. D. HutrcHeson 


Chief Operator, Sewage Treatment Plant, Newark, N. Y. 


At our plant three men are employed regularly, 8 hours per day, 
changing off so that each one works every third Sunday. We have 
extra help when necessary and usually have two extra men from May 
1st to October 1st each year. 

During February of each year I submit a list of recommended main- 
tenance work and changes to be made during the year at the plant. I 
will now read you the list submitted last February. 


MAINTENANCE WorkK TO BE Done 1n 1939 


All tanks seraped and painted. 
All iron work painted. 
Gas holder scraped and painted. 
Concrete around tanks repaired. 
Building cracks repaired. 
Gas dome No. 1 Digester rebuilt. 
Gas engine overhauled. 
Glass house to be overhauled. 
Buildings painted. 
CHANGES AND INSTALLATIONS TO BE Mane In 1939 
Deep well outside digesters to be completed. 
Tunnel for suction header to be completed. 


Suction header to be installed. 
Discharge header to be installed. 
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Supernatant liquor detector to be installed. 

Connections between Digester No. 2 and Gas Holder changed. 
Pump and pipe line installed in Deep Well. 

Connections between Digester No. 1 and Digester No. 2 changed. 


From the records of the previous years we have discovered that to 
keep the plant operating in a favorable condition we would be compelled 
to dispose of a considerable amount of sludge that our digesters and 
dry beds would not accommodate, so it was decided that we build a 
tank truck and endeavor to have the farmers haul out the sludge in 
liquid form as a ground conditioner and fertilizer experiment. So we 
built the truck and put it in operation, as I will show you later. 

In our maintenance and change operations we had considerable con- 
crete to drill and chip, and found we would be unable to hire the air- 
compressor we formerly used so we prevailed upon the Board to allow 
us to build a compressor, which we did. 

I have mentioned these things to show you the various kinds of work 
that are always staring you in the face if you wish to maintain your 
plant and keep it up to date. These things are all in addition to the 
regular and daily operation of the plant. 

Now I am going to select a day—September 13, 1939—typical of any 
ordinary day during the summer when the whole five men are on the 
job. I was going to select September 9th so that I might have proof 
of my statements by Mr. Marshall of Geneva, who was at the plant that 
forenoon but did not stay all day, and besides the whole five men were 
not working that day. I will refer to the five men as No. 1—2—-3—4—5, 
No. 1 being myself, chief operator, No. 2—1st assistant, No. 3—2nd as- 
sistant, Nos. 4 and 5 as laborers. No. 1—I went to the gas holder to 
check on the amount of gas, then to inspect the primary tank, aeration 
tank and final tanks, also the return well and head block for visual con- 
ditions. 

The Jackson Perkins Company furnished a truck driver for the tank 
truck to haul wet sludge. The sludge is loaded from a standpipe out- 
side the dry house with a shut-off valve on the inside, and to illustrate 
the amount of work necessary to carry on the regular operation and at 
the same time load sludge which all has to be pumped, there were 76 
valve operations that day, of which I performed 60 and No. 3 performed 
16. 

When hauling sludge we average 7 loads per day and we have hauled 
out nearly 500 loads this year, so you can see this is not a one day per- 
formance. In addition I made pH tests on influent, primary, aeration 
and final effluent besides the 30-minute settling tests. Attended to a 
steel salesman, furnished him with blueprints and other dimensions to 
retread the drive wheels on the clarifiers. Also another salesman from 
whom I ordered a resistance coil for direction signal switch on tank 
truck, also a flexible tubing for an exhaust pipe. Aside from this the 
street department sent down a bent street light pole for which I had 
to assemble the acetylene cutting outfit and cut off the pole. 

You may well ask if I did all this what were the other four doing? 
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I will endeavor to explain. As you will remember we had on our list 
of changes a supernatant liquor detector, this could only be applied 
when our storage tank was empty and for the first time this season we 
had the tank empty. Nos. 2 and 4 with the air compressor drilled four 
holes in this tank in vertical lines, each one large enough to receive the 
flange on a 4 in. cast iron pipe, then assembled and lined up these four 
pipes through the wall so when concreted in they would line up to con- 
nect to our assembled 4 in. standpipe made of 4 in. stock crosses. Nos. 
2 and 4 completed this work drilling the holes, placing and aligning the 
pipes and concreting same in, ready for valves so the tank could be put 
into operation. Putting away all tools and cleaning up completed this 
job. 

No. 5 put in the greater part of the day mowing the lawn and trim- 
ming the shrubbery. 

No. 3 raked the screens the usual number of times, congregated the 
concrete material mixing box and tools; cut 6 %% in. threads 3 in. long 
each on steel bolts, replaced a gasket on a Barnes sludge pump, cleaned 
the pump valve chambers and safety relief valve on the same pump. 
This pump, having blown a gasket while pumping sludge from storage 
to the tank truck, littered up the pump room considerably and this No. 
3 cleaned. He then made his daily rounds to the two pumping stations 
at either end of the village. At one station he found the float line had 
stretched so that it did not cut out the motor; this he repaired and thus 
endeth another day. 

You will remember I read you a list of maintenance work and 
changes for 1939; of these the following have been done: 


All tanks scraped and painted. 
All iron work painted. 
Concrete around tanks repaired. 
Engine overhauled, with new cylinders, piston rings and pins. 
One side of roof of glass house puttied, building is 80 ft. by 160 ft. 
Trim on all the buildings painted. 
Deep well outside digesters completed. 
Discharge 6 in. header installed. 
Connections between No. 2 digester and gas holder changed. 
Pipe line installed in deep well outside digesters. 
Supernatant liquor detector 75 per cent completed. 
In addition we had the 4 in. shaft 70 ft. long in an aerator wear 
through and buckle. We had to weld and assemble a new shaft. 
This is to show you we have had other days besides September 13th. 


Discussion By A. H. WorEFLE 


Foreman, Sewage Disposal Plant, Dunkirk, N. Y. 


Before going into the duties of caring for the sewage disposal plant 
a description of. it will help to explain its operation. 

Our plant is equipped with Dorreco mechanical bar screen, Dorreo 
detritor, sewage wet well, pump house, Imhoff tanks, chlorine reaction 
tanks, glass-covered sludge beds and chlorination apparatus. 
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We work in three shifts, two men on the day shift and one on each 
night shift in addition to a relief operator, making a total of five in all. 
Each man has one day a week off. 

The men on the day shift report for work at 8 A.M. They first 
confer with the night men to ascertain if there was any trouble and if 
there are any ‘repairs to be made. Temperature readings are taken, 
residual chlorine tests made and weather conditions are recorded before 
a general inspection of the plant is made, after which the Imhoff tanks 
and dosing tank are washed and skimmed. About every hour the screen 
is cleaned and washed and four or five times during the eight-hour shift 
the pumps and bearings are gone over to see that they are always well 
lubricated. Before leaving the shift there is a general cleanup of 
shafts, oil cellars and pumps, a residual chlorine test and recordings 
made and tanks weighed. 

At 11 A.M. one liter of the influent and one liter of the effluent for 
the cone tests is taken and at 1 P.M. the cone readings are taken and 
recorded. On Tuesdays and Fridays grit is taken out of the screen 
pit (which is 30 ft. in the ground) and placed in refuse cans by means 
of an electric hoist onto a loading platform in readiness for the garbage 
collector. Skimmings and screenings are disposed of along with the 
grit. 
To draw sludge the depth is measured first. For this a pitcher 
pump and a 1% in. hose is used. After the depth is measured and 
sludge drawn a sample is taken for pH test from each hopper together 
with a temperature reading of the sludge. We usually draw to a depth 
of about 10 to 12 in. on the beds. Enough sludge is left so that the 
hoppers are always full. By so doing we are sure to have enough well- 
ripened slude to seed the fresh sludge coming in. It-takes from 45 to 
90 minutes to draw the sludge, depending, of course, on its condition. 

The plant is located on about two acres of land. Considerable time 
is consumed daily in taking care of the lawn, shrubbery, flower beds 
and evergreens. Glass has to be replaced at frequent intervals, paint- 
ing to be done and sludge removed from drying beds. The sludge is 
given to tlie farmers for the hauling. During the summer months when 
the farmers are busy it sometimes has to be removed by the street 
department trucks. 

In addition to this work there is the replacing of packing in pumps, 
changing of the chlorine tanks when empty and replacing of sand on 
beds about once in two or three years. Besides all general repairs we 
also do all of our own plumbing and make all additions and repairs to 
electric service except the 2,200 volt motors. The plant is situated on 
the shore of Lake Erie and during the winter there is plenty of snow to 
take care of. Our floors are swept and mopped regularly and the win- 
dows are cleaned at frequent intervals during the year. 

I have tried to give a general idea of the work involved in what I 
think is keeping a sewage disposal plant in good condition as well as a 


beauty spot. 
We invite your inspection of our plant at any and all times. 





Editorial 


THE NEW JERSEY MEETING 


The New Jersey Sewage Works Association has just held its Twenty-fifth 
Annual Meeting at Trenton on March 20 to 22, 1940. For several months 
curiosity and interest have been awakened concerning this meeting because of 
announcements that the program would be of national scope and the meeting 
would be the start of a national sewage works association. The program in- 
cluded papers by several men from the middle west and many more from New 
Jersey and the east. The plans for a national sewage works association, as 
discussed by Mr. William Orchard, of Wallace & Tiernan Company, coincided 
closely with the objectives for 1940 announced by the Federation at its annual 
meeting in January, as published in This Journal on pages 163 to 167 of the 
January issue. These objectives included broadening the scope of the Federa- 
tion’s activities, strengthening the central office by additional secretarial help, 
arranging for more committee work, planning a national meeting in the fall of 
1940, with exhibits by manufacturers of sewage treatment equipment, planning 
monthly publication of the Journal in 1941, and building up the prestige of the 
Federation as a public body of united and coordinated influence in matters of 
public policy. 

These objectives have been under consideration for a long time by the leaders 
of the Federation, especially Mr. Orchard, who discussed the question of expan- 
sion at the meeting in January, 1939, and who began to make plans for the big 
New Jersey meeting in the fall of 1939. The successful meeting just held at 
Trenton, with approximately 450 registered and exhibits by 35 manufacturers, 
demonstrated what could be done by a state organization of several hundred 
members, when backed by a small group of-men experienced in the running of 
conventions, and with funds sufficient to underwrite the numerous expenses of a 
large convention. Mr. Anthony Anable of the Dorr Company, Mr. Harry P. 
Croft, State Sanitary Engineer of New Jersey, Mr. Linn Enslow, Vice-chairman 
of the Federation, and the convention committee of the New Jersey Association, 
were able lieutenants to Mr. Orchard, and altogether they put over a bangup 
convention. 

Now where do wo go from here? The ball has started rolling and work is 
under way to realize the objectives stated above. A committee is at work on 
plans for the Federation convention. These plans will be announced in the 
next (May) issue of this JourNAaL. The meeting will probably be held in con- 
junction with that of one of the larger local sewage works associations, for it 
was made very clear in open discussion at the New Jersey convention that the 
present plan of strong local sewage works associations, with their own annual 
conventions, must be continued. The growth of these various associations, each 
with its distinctive characteristics, has been the main feature of strength of the 
Federation, and the plan has been too successful to warrant tampering with it. 
When the Federation was planned by those great leaders now gone, George W. 
Fuller and Harrison P. Eddy, the relative advantages and disadvantages were 
considered of (1) a central association, possibly associated with the American 
Water Works Association or the American Public Health Association, divided 
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into district or state branches, or (2) a development of strong local or regional 
associations, with a national chairman and secretary, and a national journal for 
publication of as many papers as possible from all over the United States and 
abroad. The latter procedure was adopted, and its success has proven the wisdom 
of those far-seeing men. The local associations have a zest and character repre- 
sentative of the regions they represent. Closely knit groups of operators, re- 
search workers, state and municipal sanitary engineers, and university teachers 
strongly hold their local associations together by a community of interests, a 
pride in their local affairs, and above all by the physical and financial ability to 
attend the nearby annual conventions, whereas it might be impossible to attend 
an annual convention at a distant city. 

After the plan of formation of independent local groups was adopted, the 
problem arose as to how the national journal could be started. It was provi- 
dential that Dr. Rudolfs found the man who could and would underwrite the 
JOURNAL, at the meeting of the American Chemical Society in St. Louis in 1928. 
The breakfast meeting with Mr. Buffum is still clear in the writer’s memory, and 
through all the intervening years Mr. Buffum has never failed to do all and more 
than he promised at that time. Estimates of the field of circulation of the 
JOURNAL, then ranged from 1,000 to a maximum of 1,200 and no one present 
thought that there would be around 3,000 subscribers within ten years. . 

Now, however, in 1940 the success and prestige of the Federation are assured. 
The only question is how it can be of more service to its members and to the 
loyal manufacturers who by their advertising have provided most of the funds 
that have made the JourNAL and Federation self-supporting for the past three 
years. Mr. Orchard has taken the lead for the manufacturers to point out how 
the Sewage Works Federation can go on to wider and more helpful service as a 
thriving and an essential organization in the field of sanitation. He has made 
suggestions as to how the money can be raised to finance this service, in part by 
increase in dues, and in part by increased support by manufacturers. Mr. 
Orchard’s suggestions deserve prompt and careful consideration by all associa- 
tions that are members of the Federation, and Mr. Emerson is doing everything 
possible to present to them the plans for future action, in accordance with his an- 
nouncement in our January issue. 

The New Jersey Sewage Works Association has not been a member of the 
Federation, but at the Trenton meeting a resolution was passed empowering its 
officers to act for or against national affiliation. There is no doubt that the 
Federation would weleome the New Jersey Association, and it seems almost 
inevitable that such affiliation would prove to be mutually helpful. 

F. W. MouuMan 





Proceedings of Local Associations 





CALIFORNIA SEWAGE WORKS ASSOCIATION 
Twelfth Annual Fall Convention, Oakland, California, September 18-19, 1939 


The Twelfth Annual Fall Convention of the California Sewage 
Works Association was called to order by President Alexander Bell at 
9:00 A.M. Monday, September 18, 1939, in the Mezzanine Parlor of the 
Hotel Leamington, with 80 members and guests in attendance. 

In opening the meeting, President Bell said there was a very full 
program ahead, but that the meetings would be kept on time so that 
members of the Association and their guests might keep appointments 
to visit the Golden Gate International Exposition on Treasure Island. 

A brief*résumé of the Directors’ meeting was given by President 
Bell, who then called upon Wm. A. Allen, Chairman of the Operators’ 
Breakfast, for a report. Mr. Allen reported that the Operators’ 
Breakfast, an innovation, was a huge success, and that the 26 operators 
present unanimously voted to hold such a breakfast for the discussion 
of operators’ problems at each future convention and conference. The 
principal items of discussion were plant records and mechanical equip- 
ment; the conclusions being that good records should reflect the be- 
havior of the plant and its operators, thereby giving much assistance 
in case of law suits; and that ball valve sludge pumps foul easily and 
are most difficult to maintain. 

Committee reports were called for and Fred Bowlus, Chairman of 
the Membership Committee, responded first, saying that while the goal 
of 300 members by the Fall Convention was not attained, the Associa- 
tion had a healthy growth, particularly of new sewage treatment plant 
operators, the paid up memberships as of date being 263. It was 
further reported that but 26 members were in arrears in dues. 

Mr. John A. Clark, Chairman Publicity Committee, stated that at 
the time of his reporting over 200 column inches of publicity had been 
given to the Fall Convention by the Metropolitan Dailies. He exhib- 
ited an excellent scrap book containing publicity clippings appertain- 
ing to the Visalia Spring Conference and Oakland Convention to be 
passed on to the new Chairman of this Committee. In closing, Mr. 
Clark acknowledged the assistance given him by Mr. Bob Van Etten, 
Educational Assistant of the Alameda County Mosquito Abatement Dis- 
trict. 

Chairman J. F. Smith of the Finance Committee reported that while 
there was a small deficiency in the financing of Vol. XI, No. 1 of the 
C.S. W. Journal that additional advertising had been obtained for Vol. 
XI, No. 2, restoring the publishing of the Journal to a sound financial 
basis. 
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Mr. A. M. Rawn, Chairman Legislative Committee, reported the 
committee had taken no action since the Spring Conference. 

President Alexander Bell said the report of the Award Committee 
would be made at the Joint Breakfast meeting with the Engineers Sec- 
tion of the League of California Municipalities. Mr. May’s written 
report as Chairman of the Award Committee is published elsewhere in 
the Journal. 

Mr. A. Perry Banta, Chairman of the Certification and Schools 
Committee, submitted a written report, which is printed elsewhere in 
this Journal. 

The standing committees having reported, a call for reports from 
special committees was made. 

R. Pomeroy, Chairman of the Fact Finding Committee, stated that 
his committee had assembled much information upon primary clarifiers 
and that a report of findings upon this unit of the sewage treatment 
works might be presented at the Spring Conference in 1940. <A pro- 
gram is laid out for the committee to study in a predeterfhined order 
the several components of sewage treatment plants. 

Mr. William T. Ingram, Secretary-Treasurer San Joaquin Section, 
submitted a report of the Section which is printed in the Journal. 

The report of the Nominating Committee, consisting of Wm. A. 
Allen, Ben Benas and A. Perry Banta, was made by Chairman Allen. 
The following members were placed in nomination: 


For President, H. G. Smith; First Vice-President, Harold F. Gray; 
Second Vice-President, Fred Bowlus; Director 1944, Alexander Bell; 
Director 1941, to fill the unexpired term of A. M. Rawn who presented 
his resignation due to pressure of other business, Harold Jewell; Sec- 
retary-Treasurer, William T. Ingram. 

There being no other nominations from the floor, it was moved, sec- 
onded and carried that the Secretary cast a unanimous ballot for the 
candidates as nominated by the Nominating Committee. 

The Secretary explained the proposed Constitutional Amendments, 
saying that they were approved by the Directors as printed and dis- 
tributed to the members as an enclosure with the program for the Con- 
vention. It was asked if anyone desired to discuss or question any of 
the amendments. There being no discussion, it was moved, seconded 
and carried that the amendments be approved as printed. 

Under new business it was moved by R. Pomeroy and seconded by 
A. Koebig that a short school for operators be held every year at the 
University of Southern California. 

In discussion of the motion, Mr. Banta said that the few members 
who have put on previous schools at Los Angeles would not welcome 
the work entailed in a course every year and that such a program would 
bring an early climax to the schools. 

Mr. Wm. A. Allen moved that Mr. Pomeroy’s motion be tabled. 
This motion was seconded and carried. 
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The business meeting was closed promptly at 10:00 A.M. and the 
technical session opened. , 

The first paper, ‘‘Problems in the Operation of the City of San 
Francisco Richmond-Sunset Sewage Treatment Plant,’’ was presented 
by Mr. Ben Benas, Superintendent of the plant. Mr. Benas’ paper 
was followed by brief written discussions by Keeno Fraschina and R. 
R. Sotter, Assistant Superintendent and Chief Operating Engineer, re- 
spectively, of the Richmond-Sunset Plant. Professor Charles Gilman 
Hyde gave a most interesting extemporaneous discussion of Mr. Benas’ 
paper which brought out many items as food for thought. 

The second paper, ‘‘Sewage Pumping and Disposal at Treasure Is- 
land’’ was presented by Chas. H. Lee, Chief, Division of Water Supply 
and Sanitation, G. G. I. E. 

Mr. Morris Cohn, Editor of Municipal Sanitation, was introduced 
and extended the greetings from the East to the West. 

Announcement was made of the caravan for the afternoon and the 
meeting adjourned for luncheon. 

At the noon luncheon Walter N. Frickstad, City Engineer of Oak- 
land, extended a word of welcome on behalf of Mayor McCracken of 
our host City. Mr. Frickstadt told of the sewage disposal problem of 
the City of Oakland and its neighbors and said that the warm Indian 
summer weather, a low tide and gentle westerly breezes would fully 
acquaint those attending the caravan in the afternoon with the serious- 
ness of the situation existing along the Bay shore. 

President Bell in reply remarked ‘‘that it is gratifying to find that 
the East Bay Cities are attacking a difficult problem in a serious man- 
ner’’ and offered the services of the C. 8. W. A. should they be of any 
assistance. 

The afternoon was occupied by a caravan to visit the City of San 
Francisco sewage disposal facilities consisting of the New Marina Sew- 
age Pumping Plant which is completely underground, the only evidence 
of its presence above ground being a flag pole vent; the Golden Gate 
park activated sludge plant treating about a million gallons of sewage 
per day, the effluent from which is used for irrigation and to create park 
lakes; and the new Richmond-Sunset Sewage Treatment Plant located 
in the most westerly end of Golden Gate Park, placed in operation in 
April, 1939, and treating the sewage of a residential area with a pres- 
ent population of 150,000 and an estimated future population of 300,000. 

The Tuesday program opened with a joint breakfast of the Asso- 
ciation and the Engineers Section of the League of Municipalities in 
the Castilian Room of the Hotel Leamington, with President Harry 
Goodridge of the Engineers Section of the League presiding. A humor- 
ous talk on astronomy by Max Horwinski started the morning with a 
good laugh. 

The gavel was given to President Bell for the purpose of present- 
ing the Award of Merit. Chairman May gave a brief report of the 
Award Committee and President Bell presented the first award, a 
metal plaque and a check for $25.00, to Mr. A. J. Castro, operator of 
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the Santa Clara sewage treatment plant. The second award was won 
by the city of Lodi. The third award was not made. 

The technical session was called promptly at 9:00 A.M. by Presi- 
dent Alexander Bell in the Leamington Bowl. There were 120 mem- 
bers and guests in attendance. 

Three papers were presented. Col. Edwin C. Kelton’s paper, ‘‘ Pol- 
lution of Navigable Waters or Interstate Streams from the Standpoint 
of the Federal Government,’’ was read by Captain N. A. Mathias and 
was discussed by A. M. Rawn. 

Howard Vernon, for many years the champion of the sportsmen’s 
ease for the curtailment of pollution, read his paper, ‘‘Pollution of 
Harbors and Streams.from the Viewpoint of the Sportsman.”’ 

The third paper, ‘‘ Pollution of San Francisco Bay and the Effect 
of Sewage Treatment,’’ was presented by the author, A. B. Crowley, 
and was discussed by J. F. Byxbee. 

After the introduction of guests and a short address by Morris 
Cohn, the meeting adjourned. 

R. R. Rrear, Secretary 





GEORGIA WATER AND SEWAGE ASSOCIATION 
Eighth Annual Georgia Water and Sewage School, Atlanta, Georgia, October 18-21, 1939 


The Eighth Annual Georgia Water and Sewage School sponsored 
by the Georgia Department of Public Health, the Georgia Water and 
Sewage Association, and the Georgia School of Technology, brought 
273 men to the Georgia Tech campus October 18-21. This record 
breaking attendance of 241 water and sewage plant operators and other 
officials of Georgia municipalities, and 30 manufacturer’s representa- 
tives was matched by the enthusiasm with which those present entered 
into the spirit of the school to secure the greatest benefits from the 
water purification and sewage treatment instruction. In addition to 
the above, 25 senior class students in the Civil Engineering and Pub- 
lice Health Engineering Departments of the Georgia School of Tech- 
nology ‘‘sat in’’ on all sessions of the School. 

Methods of instruction at the Georgia Water and Sewage School 
employ lectures, blackboard diagrams and charts, laboratory demon- 
strations, plant inspections, and discussions of each topic rather than 
the reading of prepared papers. The classes are actually taught and 
definite solutions to typical problems are given. Special or unusual 
problems are presented by the students for discussion and there is 
usually a solution suggested by someone who has had a parallel ex- 
perience. This principle of mutual instruction has built up a splendid 
esprit de corps which has become a predominating characteristic of 
the school. It is believed that these classes bring together for seri- 
ous study the largest group of water and sewage operators, superin- 
tendants and other municipal officials which annually assembles in the 
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southeastern area of the United States. All distractions from attend- 
ance at classes are prevented and no elaborate entertainment is fur- 
nished. The college campus provides the proper atmosphere for the 
school. 

Manufacturers are supplied with an exhibit room where equipment 
ean be demonstrated and explained. Models and educational material 
are loaned by nearby water and sewer departments and personnel as- 
signed to show their purpose. Gadget displays are featured. All 
facilities are utilized and coordinated to give the student a better 
knowledge of available water and sewerage material and equipment. 

Dr. M. L. Brittain, President, Georgia School of Technology, wel- 
comed the group to the campus expressing delight that the facilities 
of the college could be made available for service to water and sewage 
men and commented upon the mutual helpfulness of the annual con- 
tacts between the college and the persons directly responsible for water 
purification and sewage treatment in Georgia. 

Dr. T. F. Abercrombie, Director, Georgia Department of Public 
Health, added his weleome to that of Dr. Brittain and reviewed the 
history of the Georgia Water and Sewage School drawing a word pic- 
ture from its beginning in 1932 with an attendance of approximately 
60 to the peak attendance in 1939. Georgia’s death rate from typhoid 
fever is now at its lowest point. Dr. Abercrombie gave credit to 
Georgia water and sewage plant operators and the extension of water 
and sewage service within the last several years for their part in re- 
ducing and maintaining this death rate at its- present low level. Mr. 
Lloyd L. Jacobs, Newnan, President, Georgia Water and Sewage As- 
sociation, responded to the two addresses of welcome and expressed 
appreciation to those persons who had worked tirelessly in planning 
and preparing the school schedule. An explanation of the course of 
instruction and recognition of the men attending the school for the 
first time by W. H. Weir, Georgia Department of Public Health, closed 
the opening session in preparation for the classroom work and labora- 
tory demonstrations. 

A number of the instruction courses were of interest to all water 
and sewage plant operators and these were given to the entire as- 
sembly. The laboratory work and a number of the discussions were 
given to separate water and sewage groups. 

Selection and Maintenance of Pumps.—-Thos. M. Lowe, Professor 
of Civil Engineering, Alabama Polytechnic Institute, Auburn, Ala- 
bama, gave a very informative and easily absorbed talk on the selec- 
tion and maintenance of centrifugal pumps. Charts were used to dem- 
onstrate the manner of choosing the most efficient pump for a job. It 
was stated that there is a general tendency to choose a pump with too 
large an impeller for best efficiency. An over size pump should never 
be purchased in anticipation of future expansion as the over size pump 
will be inefficient in its under sized surroundings and will waste 
enough money in power consumption to buy several pumps before the 
time for expansion arrives. Centrifugal pumps should be inspected 
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internally at intervals not exceeding six months and sealing rings 
should be replaced when showing signs of wear. Oil or grease in the 
pump should be watched closely for black discoloration which is a sign 
of undue wear on the bearings. The pump packing gland should never 
be tightened too much, and when packing the pump if all of the pack- 
ing is not replaced with new then the back packing ring should be re- 
moved and the rest moved up placing the new ring on the outside. 

J. C. Boesch, Jr., Assistant Engineer, Martha Mills, Silvertown, 
Georgia, described his experience with pumps at the Goodrich Martha 
Mills. It was shown by hypothetical cost date that the economical de- 
gree of efficiency sought in the purchase of a pump is determined to 
a great extent by the use of the pump. For instance, it is undoubted 
economy to pay a large premium for the most efficient pump if that 
pump is to work 24 hours every day; but it may be more economical to 
buy a cheaper and less efficient pump on duty for an hour or so each 
day. 

It was brought out in a general discussion that metering devices 
are an important part of even the small water and sewage plants so 
that constant check may be had on pump efficiencies. 

Sewage Treatment.—G. R. Frith, Assistant Engineer, Georgia De- 
partment of Public Health, was in charge of instruction in sewage lab- 
oratory work. The tests covered were mainly those applicable to the 
small sewage plant laboratory. Inasmuch as the relative stability 
test is still found useful for the small plant with secondary treatment 
Dr. S. H. Hopper, Georgia School of Technology, gave a very interest- 
ing demonstration of the action of methylene blue when incubated with 
secondary sewage effluents. The methylene blue changes to the leuco 
base which is white, or colorless. This change is caused by the addi- 
tion of hydrogen to the methylene blue molecule by natural processes 
during incubation. 

Carl Wesley, Chemist, Atlanta Sewer Department, demonstrated 
and discussed the B.O.D. determination, including the use of the Rideal- 
Stewart modification. 

At the round table discussion on sewage treatment G. R. Frith led 
with a résumé of the life cycle of the trickling filter fly. Methods of 
control were discussed and it was pointed out that the length of the 
life eyele varies greatly with temperature. In Georgia where a tem- 
perature between 75° F. and 85° F. prevails most of the summer 
months the life cycle becomes as short as seven days. Sewage plants 
are built primarily to treat sewage and care should be used, where 
filter flooding is employed as a fly control method, not to flood oftener 
nor keep the filter out of service any longer than is absolutely necessary. 

Mr. Wm. A. Hansell, Assistant Chief of Construction, Atlanta, 
spoke of his experience in operation of the Atlanta plants. It was 
mentioned that the Atlanta plants, being new, are not yet up to total 
capacity and it has been possible to practice both flooding and drying 
for fly control on certain of the Atlanta trickling filter units without 
detriment to the plant effluent. 
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During the general discussion it was brought out that very few of 
the operators had occasion to inspect the paint on the under-water 
steel work in their plants. L. L. Jacobs, Superintendent, Newnan, 
stated that it had been necessary to repaint the under-water steel work 
at their two plants and that the hot bitumastic enamel coat applied last 
is still in good condition. G. R. Frith called attention to the fact that 
fresh sewage is apparently less corrosive than the soft surface waters 
of Georgia since ferrous metal chains last much longer in the sewage 
plants than when used for similar service in surface water filtration 
plants. 

It was brought out by E. J. Graves, Operator, Moultrie, Georgia, 
that although time clocks were installed on his sludge pumps he had 
found it necessary to regulate the day sludge pumping program by 
hand in order to keep the primary tanks free from floating sludge and 
scum. This is especially true where one sludge pump is connected 
with more than one sludge hopper as the sludge does not seem to have 
the same viscosity in any two hoppers. 

During the discussion of sludge digestion it was pointed out that 
the pH of the digester supernatant liquor in tanks without stirring 
mechanism cannot be taken as representative of the pH of the sludge. 
In such tanks stratification takes place resulting in great variation in 
pH values at different points. 

Inspection Trip.—An outstanding feature of the School was the 
day devoted to the plant inspection tour. The motorcade of fifty-two 
automobiles began the ninety mile trip by leaving the campus immedi- 
ately after breakfast. 

Upon arrival in Newnan a barbecue lunch was served in the beau- 
tifully landscaped Harvey H. North Park surrounding the water plant. 
City Attorney Freeman welcomed the School to Newnan and paid 
tribute to Harvey North, Chairman, Water and Light Commission, for 
his long service in developing the present public utilities of Newnan. 
Immediately after lunch Lloyd Jacobs and local personnel served as 
guides in the observation tour of the impounding reservoir and water 
purification plant. The tour continued with inspection of the Hast 
Side Sewage Plant to illustrate operation details in controlling pri- 
mary clarifier, separate sludge digester, trickling filter, and final clari- 
fier. To illustrate filter larvae destruction, the trickling filter had 
been flooded and was partially drained during the visit. The tour was 
concluded at the municipal swimming pool which had been placed in 
‘‘off season’’ operation to show modern swimming pool water purifi- 
cation equipment. 


GrorGIA WATER AND SEwaGceE ASSOCIATION 


The complimentary banquet given by H. M. Thompson, Resident 
Manager, Paper Makers Chemical Division, Hercules Powder Com- 
pany, Atlanta, provided a delightful occasion for 267 members and 
guests of the Georgia Water and Sewage Association who attended the 














370 SEWAGE WORKS JOURNAL March, 1940 





Annual Business Meeting at the Ansley Hotel in Atlanta. Following 
the banquet and business meeting a travelogue motion picture in nat- 
ural color—Atlanta to Alaska—made by Warner V. Flowers, City 
Councilman, College Park, was shown. This motion picture covered 
an automobile and boat trip of approximately seven thousand miles 
and records many of the works of man and natural beauty spots in the 
west and northwest section of the United States and Alaska. 

The report of the Secretary of the Georgia Water and Sewage As- 
sociation showed that there was an increase in membership of 106 dur- 
ing the last year, making a total membership at the present time of 277. 

The following officers of the Georgia Water and Sewage Associa- 
tion were elected: President, Clark W. Jones, Superintendent Water 
and Lights, Dalton; First Vice-President, J. C. Boesch, Jr., Assistant 
Engineer, Martha Mills, Silvertown; Second Vice-President, George 
H. Sparks, Superintendent of Water and Lights, East Point; Secre- 
tary-Treasurer, Paul Weir, Superintendent of Filtration, Atlanta (re- 
elected). The following were re-elected to the Certification Commit- 
tee: Car] Alexander, Superintendent of Filtration, Rome; O. W. Gray, 
Chemist, Water and Light Department, Thomasville; H. A. Wyckoff, 
Professor of Biology, and John L. Daniel, Professor of Chemistry, 
Georgia School of Technology. Lewis Simonton, Superintendent of 
Water Purification and Sewage Treatment, Griffin, and G. R. Frith, 
Assistant Engineer, Georgia Department of Public Health, were re- 
elected to the Board of Control of the Federation of Sewage Works As- 
sociations. 

G. R. Ferra, 
Member, Board of Control, Federation of Sewage 
Works Association 





NEW YORK STATE SEWAGE WORKS ASSOCIATION 
Twelfth Annual Meeting, New York, N. Y., January 18-20, 1940 


The Twelfth Annual Meeting of the New York State Sewage Works 
Association was held in New York City on January 18th to 20th, 1940, 
with headquarters at the Hotel McAlpin. More than 300 members and 
guests were registered. 

Lewis V. Carpenter of New York, Joseph E. Rehler of Olean, and 
Robert C. Wheeler of Albany were elected to the Executive Committee 
for a period of three years. Mr. C. George Andersen of Rockville 
Centre was elected President and Mr. Herbert H. Wagenhals of Syra- 
cuse Vice-President. A. S. Bedell and J. C. Brigham were reappointed 
for a term of one year to serve as Secretary-Treasurer and Assistant 
Treasurer, respectively. 

The program was arranged so that the members of the Sewage 
Works Association were able to attend all the Wednesday and Thurs- 
day sessions of the Sanitary Engineering Division of the A. S. C. E. 
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And in like manner the members of the A. 8S. C. E. attended the tech- 
nical sessions of the N. Y. 8S. S. W. A. on Friday and the joint inspec- 
tion trip on Saturday. The joint banquet of the two groups was held 
on Friday night, at which Colonel John P. Hogan, President of the 
A. 8S. C. E., was guest speaker. 

At the general business meeting on Friday it was noted that the 
Association had a paid-up membership of 583, and that four local sec- 
tions each covering several counties, had now been established in the 
State. A resolution with reference to pending Federal legislation on 
stream pollution was adopted. At the technical session in the morn- 
ing, a paper by Leroy Forman and R. F. Johns of the Bureau of Engi- 
neering, New Jersey State Department of Health, on ‘‘The Regulation 
of Stream Pollution in the Raritan River Basin by the New Jersey 
State Department of Health,’’ proved most interesting, particularly 
in view of the anticipated inspection trip on Saturday. ; 

At the luncheon Emblem Keys were awarded to the retiring presi- 
dent, N. L. Nussbaumer, and to L. L. Luther in recognition of his work 
in initiating the formation of local sections. Mr. C. A. Emerson, Chair- 
man of the Federation of Sewage Works Associations, spoke briefly on 
the activities and future of the Federation. 

At the afternoon session Dr. A. J. Fischer, of the Dorr Company, 
presented a paper, ‘‘Improved Sewage Clarification by Pre-Floccula- 
tion Without Chemicals,’’ the discussion of which was opened by Harry 
W. Gehm of the New Jersey Agricultural Experiment Station. This 
was followed by a paper on ‘‘Studies in Corrosion Resistance of Met- 
als in Sewage Treatment Plants’’ presented by G. L. Cox of the In- 
ternational Nickel Company, Ine. The discussion was opened by R. 
S. Burr of the American Brass Company. A. E. Griffin of the Wallace 
& Tiernan Company presented a paper on ‘‘Problems and Progress 
in the Chlorination of Sewage,’’ which was discussed by H. A. Faber 
of the Chlorine Institute, and M. H. Klegerman of New York City. 

On Saturday, through the courtesy of The Dorr Company, Inc., the 
Jeffrey Manufacturing Co., the Pacific Flush Tank Company, and the 
Wallace and Tiernan Co., Inc., a joint inspection trip by busses was 
enjoyed by some 150 persons to three sewage treatment plants in the 
Raritan River Basin, namely, Middlesex, New Brunswick and South 
River. At the latter plant the Underpinning and Foundation Com- 
pany furnished a buffet luncheon. An excellent brochure prepared by 
William L. Sylvester, giving a description of the general situation in 
the Raritan River Basin and details of the three plants visited, greatly 
enhanced the enjoyment of the trip. 

The following resolution was adopted at the meeting: 


Wuereas, there are pending before the Congress various bills pro- 
viding for Federal participation and aid in stream pollution control, 
and 

Wuereas, the New York State Sewage Works Association is an or- 
ganization of sewage works operators, sanitary engineers, and other 
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professional men, all particularly interested in improved public health 
and stream pollution abatement. 

BE IT THEREFORE REsoLveED, that the New York State Sewage Works 
Association go on record as favoring a Federal bill which will provide 
for Federal participation and aid in stream pollution abatement. 

Be IT FURTHER ReEsoLvep, that such Federal participation and aid 
in stream pollution abatement be provided through the U. S. P. H.S., 
which agency has the properly qualified personnel and extended ex- 
perience during the past many years in stream pollution problems. 

BE IT FURTHER Reso.vep, that the definite authority to regulate and 
control stream pollution abatement be left with the public health or 
other appropriate state agencies under the coordination and general 
guidance of the U.S. P. H. S. 

Be IT FURTHER ResoLvep, that the Secretary be instructed to send a 
copy of this resolution to the proper congressional leaders. 

A. S. Bepeti, Secretary 





PRESIDENT’S REPORT FOR YEAR 1939 


With Particular Reference to Recent Trends in the New York 
State Sewage Works Association 


In a report for the year to indicate progress, if such has occurred, 
one must show the goal to be reached, or the starting point, or both. 

It might be well first to outline the objects of the New York State 
Association, and then determine whether the objects are being satis- 
factorily accomplished. Furthermore, one must see if there are other 
desirable objectives which might be reached which are not now at- 
tempted, and in the final analysis decide if the membership is being so 
benefited in maximum numbers, and in the most effective way. 

The objectives which we hope to attain as indicated by the Asso- 
ciation activities can be summarized as follows: 


(a) Dissemination of technical information and modern develop- 
ments in sanitation to its members through convention meetings, and 
society publications. 

(b) Good fellowship among its members, and fraternity between 
operators, engineers, professors and representatives of other branches 
of the sanitary field. 

(c) Sponsor schools in which operators may receive instruction and 
thereby improve the quality of their services, and the operation of the 
plant in their charge. 

(d) Sponsor scholarships 1 in these schools for those operators who 
might not otherwise be able to attend. 

(e) Sponsor competitions among members to we research, 
writing, better plant operation, and invention of devices and processes. 

















(f) Educate the public in general in regard to better sanitation, 
through attendance at meetings by municipal officials, and legislative 
activities. 


These activities and objectives are carried forward by an Associa- 
tion which ten years ago had a comparatively small membership, but 
now has a membership of over six hundred, and is the largest indi- 
vidual association of similar purpose in the world. The administra- 
tion of the Association has not changed. It is in the hands of a group 
of officers whose personnel changes annually, an Executive Committee 
of nine, each member of which serves three years, and a Secretary who 
might be termed permanent as he has served since the beginning and 
acts as a point of contact and continuity from one administration to 
another. In recent years, the duties of this office have required the 
appointment of an assistant. In a large measure, the success which 
the Society has attained is due to the effort and foresight of the Sec- 
retary whose services we could not do without. Complete co-operation 
has been given by the New York State Department of Health. 

There have been three convention meetings per year, one in New 
York and two upstate. Last year, it was decided to have only two 
meetings during the coming year. 

An analysis of the membership discloses that only about twenty- 
five per cent are plant operators. I do not know what percentage of 
the total number operators in the State this may represent. 

A casual inspection of programs for the last few years indicates 
that often the program, in the interest of securing good speakers on 
current topics, contains some non-members, many representatives of 
the State Department of Health and comparatively few operators of 
the smaller plants, except in round-table or question-box discussions. 

During the last two or three years, there has been a lack of both 
quality and quantity in papers available from members for considera- 
tion for the Kenneth Allen Award. This partly arises from the fact 
that the award rules at present require that a paper to be considered 
must be presented at an Association meeting. Steps. were taken to 
amend these requirements at the Executive meeting last night. 

Out of a total membership of over six hundred, the attendance at 
the upstate conventions is about 125 to 175, and in New York somewhat 
larger due to the larger metropolitan membership. 

These conditions lead to the same question in our Society as con- 
fronts many colleges as to their participation in sports today: Do you 
want an All-American team, or do you want every student to play the 
game? 

In our ease, should there bea few brilliant members who fill the 
principal parts, or should every member participate? 

Really, the question is not so simple. We need and must have the 
brilliant leaders, but we also need opportunity for each individual 
member to take part. Only through participation can a member de- 
velop. 
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With the state meetings reduced to two, supplemental meeting 
through Sections is desirable and necessary. 

Steps were taken at the Executive Meeting last night to expand 
the scope of committee work, and to enlarge the number of committee 
appointments somewhat according to geographical distribution. 

Several years ago, a local section of the Association was formed 
on Long Island. Three years ago, the Genesee Valley Section was 
formed centering around Rochester and extending east to Geneva. 
Two years ago, the Western Section was formed, including the west- 
ern counties. At this session, the Capital District Section is asking 
for favorable action on the approval of their by-laws, and I understand 
a similar request will be made at the next meeting by the group in- 
cluding Syracuse and Utica, the petition having been received by the 
Secretary too late to be properly considered now. 

Most of the Sections have had three meetings of their own per year. 

I have been interested in the formation of the more recently formed 
Sections, and have taken occasion to visit and keep in touch with their 
activities. At the Section meetings, I have noticed several outstand- 
ing characteristics : 


(a) There is a fairly large attendance of small plant operators, who 
probably would be unable to leave their jobs regularly for state-wide 
meetings. 

(b) There is considerable interest by the local municipal officials 


where the Section meetings are held, in the Society activities, and fre- 
quently an awakening in them of the local need for more modern treat- 
ment facilities. 

(c) The creation of a desire on the part of operators of small or ob- 
solete plants for modern equipment and information on how to main- 
tain a better external appearance. 

(d) Greater participation in the meetings by operators, and a de- 
sire for information regarding Society activities, and an opportunity 
to participate in them. 

(e) A desire generally by all classifications of membership to ele- 
vate the status of the sanitary operator and engineer, and to raise the 
level of municipal salaries for these positions. 

(f) Information desired by operators on political diplomacy. 


From this outline, it would seem that healthy local Sections would 
accomplish the following: 


(a) Extend the membership. 

(b) Give members a greater opportunity to participate in meet- 
ings and act as host to the Sections, which generally includes a high 
class renovation of the plant, or plants, to be inspected. 

(c) Provide a means for the wider distribution of technical infor- 
mation among all classes of membership. 

(d) Act as a training ground for speakers who would later take part 


in state-wide meetings. 





~ 


Vol. 12, No. 2 PROCEEDINGS OF LOCAL ASSOCIATIONS oO 


(e) Aid in the improv’ nent of plant operation by visiting plants in 
small places where a larger convention could never be held. 

(f) Provide a source of enthusiasm and energy which would con- 
tinually be fed into the State Society. 


The establishment of these local Sections and their activities brings 
to light some difficulties as well as advantages. Generally a Section 
will want some representation or recognition in the state organization. 
This should be kept in mind when making committee appointments, 
in elections, and should be the subject of future study to see if cogni- 
zance of this should be taken in the Executive Committee membership. 
A step in this direction was made in the committee appointments for 
next year. 

In conclusion, to provide the greatest good for the greatest number, 
the following points are offered for consideration : 


(a) The Research Committee to interest itself in securing operat- 
ing data pertaining to New York State plants, which would be of 
interest and value to the members, and in its work, seek the co-opera- 
tion of various plant staffs and other members as may be required. 
In addition, present a written report each year which may be presented 
at a general session, and if possible printed in the Sewacr Works Jour- 
nAL. This suggestion was approved by the Executive Committee. 

(b) Revise the Kenneth Allen Award rules so as to permit a 
greater number of members to qualify for consideration. each year. 
This in no way is to be considered a letting down of the bars as to 
merit, but merely an opening of the door to permit larger numbers to 
participate. The Kenneth Allen Award Committee recommended 
that the rule be altered to include a paper presented by a member at 
any state meeting or section meeting, with certain other reeommenda- 
tions, all of which were approved by the Executive Committee and will 
be presented to you in detail by the Kenneth Allen Award Committee. 

(c) Encourage members to write papers on topics to be presented 
at various meetings. 

(d) Encourage a greater number of operators to enter the contests 
for the best annual operating report. Information regarding this 
competition to receive wider publicity. The Executive Committee au- 
thorized the award of ‘‘Honorable Mention’’ to be given to papers in 
the case of close decisions, and for which past winners would be eligible. 

(e) Devise ways and means to elevate the status of Sewage Works 
Association members in their home communities. A Committee on 
Public Relations with geographical representation of some of our more 
prominent members was created by the Executive Committee which 
will function this year along those lines, including the active spread- 
ing of information regarding the Association activities and modern 
sanitation among the public, and in addition attempt to raise the social 
status of the members. 
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The ambition and goal of the Association, I believe, should be to 
secure as a member every sewage works operator in the State, together 
with a good representation from all other groups allied with the sani- 
tation field. Such a body can then be a great power in promoting the 
welfare of the operator, and the benefits to health, and community good 
from proper sanitation. 

Respectfully presented, 
Newey L. Nusssaumer, President 












































FEDERATION OF SEWAGE WORKS ASSOCIATIONS 


- MINUTES OF THE ANNUAL MEETING OF THE BOARD 
e OF CONTROL 


The Annual Meeting of the Board of Control of the Federation of 
Sewage Works Associations was held at the Hotel McAlpin, New York 
City, on January 18, 1940. Luncheon preceded the meeting. C. A. 
Emerson, Chairman, presided, and the roll call indicated representa- 
tion as follows: 


Present in person: 


Name of Affiliate Represented by 
California Sewage Works Association ............... Charles G. Hyde 
Central States Sewage Works Association ............ W. W. BeBerard 
Federal Sewage Research Association ............... A. P. Miller 
Federal Sewage Research Association ............... F. J. Maier 
Iowa Wastes Disposal Association .................,.Earle L. Waterman 
Kansas Water and Sewage Works Association ........ Earnest Boyce 
Missouri Water and Sewerage Conference ............ George Russell 
New England Sewage Works Association ............ F, W. Gilcreas 
New England Sewage Works Association ............ LeRoy W. Van Kleeck 
New Jersey Sewage Conference ...........-.ceeeees Willem Rudolfs 
New York State Sewage Works Association .......... Fred T. Biele 
New York State Sewage Works Association ..........N. L. Nussbaumer 
North Carolina Sewage Works Association ........... W. M. Piatt 
Pennsylvania Sewage Works Association ............C. A. Emerson, Jr. 
Pennsylvania Sewage Works Association ............ H. E. Moses 
RUBIO AALAND! « 5/sais.c0/eia was Veilesaie lovato sera teveiavabevecg 4:4 alererere Wm. W. Buffum 
UGHIGT AE EAR EO = (io.'s.4.6.0 50,9 5/ sree oe alsteis eile ele sivieinse-eearers Linn H. Enslow 
PNGHIWOE tI GREG, | <5: 515s eicte-ovsia n''6:8 afeexa ase tiene revel o eels auetakers Charles G. Hyde 
BSRUOE Sessa uerson5-0'5/ sare siieloye- Vid or sislale oc elerein che sltle wisi Siniaversts F. W. Mohlman 


Present in person, acting as proxy: 





Name of Affiliate Represented by 
California Sewage Works Association ...............4 Alex. Bell 
(for A. C. Beyer) 
Central States Sewage Works Association ........... Geo. J. Schroepfer 
(for J. L. Ferebee) j 
Dakota Water and Sewage Works Conference ........4 A. S. Bedell 
(for W. W. Towne) 
Iowa Wastes Disposal Association ..............se0: Chas. G. Hyde 
(for Max Levine) 
Kansas Water and Sewage Works Association ....... Earnest Boyce 


(for Robert Peart) 
Maryland-Delaware Water and Sewerage Association .. Morris Cohn 
(for Abel Wolman) 


North Carolina Sewage Works Association ........... Wm. M. Piatt 

(for H. G. Baity) 
Ohio Sewage Works Conference Group .............. F. W. Mohlman 

(for F. W. Jones) | 
Pacific Northwest Sewage Works Association ........ C. A. Mackmore j 


(for John W. Cunningham) 
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Name of Affiliate Represented by 
Sewage Division, Texas Section, 8S. W. W. A. ........Arthur D. Weston 
(for W. S. Mahlie) 
Member-at-Large Charles H. Eastwood 
(for W. J. Orchard) 
Member-at-Large C. A. Emerson 
(for H. W. Streeter) 


The following were represented by proxy to H. E. Moses, Secretary- 
Treasurer : 
Arizona Sewage and Water Works Association John A. Carollo 
Arizona Sewage and Water Works Association .......A. L. Frick 
Dakota Water and Sewage Works Conference Lloyd K. Clark 
Maryland-Delaware Water and Sewerage Association .. Harry R. Hall 
Missouri Water and Sewerage Conference W. Scott Johnson 
New Jersey Sewage Conference Richard C. Smith 
Oklahoma Water and Sewage Conference W. M. Evans 
Oklahoma Water and Sewage Conference H. J. Darcey 
Rocky Mountain Sewage Works Association Chas. A. Davis 
Rocky Mountain Sewage Works Association Paul S. Fox 
Sewage Division, Texas Section, S. W. W. A. ........V. M. Ehlers 


On motion the reading of the Minutes of the last Annual Meeting 
held January 20, 1939, was dispensed with, they having been published 
in the March, 1939, issue of Sewack Works JouRNAL. 

Chairman Emerson stated that he would make no special report. 
He referred to the success of the Tenth Anniversary Volume and spoke 
briefly of matters relating to reorganization and expansion, which sub- 
ject appears later in these Minutes. 

The report of the Secretary-Treasurer, published elsewhere, showed 
continued growth during the year. The net membership totaled 2,750, 
as against 2,472 at the end of 1938. There was an increase of 240 in 
the past year. Two groups exceeded the 500 mark, New York with 
583 and Central States having 511 members, respectively. Dues re- 
ceived by the Secretary-Treasurer amounted to $3,685.75, an increase 
of $371.00 over the preceding year. These were forwarded to the Busi- 
ness Manager, who received dues direct from eight affiliates. On mo- 
tion the report was accepted. 

The report which Business Manager Buffum presented showed 
3,157 subscribers as of December 31, 1939 (2,888 in 1938), divided into 
2,744 members and 413 non-members. The cost of printing and mail- 
ing SewaceE Works JourNAL was $2.88 per subscriber ($3.07 in 1938), 
a total cost of $9,221.93. Profit for 1989 was $288.39, this figure for 
1938 being $147.52. Advertising income was $6,626.49, there being 
nine pages more of advertising than last year. 

The figures, not included above, for the sale of the Tenth Anniver- 
sary Volume (Modern Sewage Disposal), as given by Mr. Buffum, 
were highly gratifying. 2,500 copies were purchased, of which 1,787 
copies have been sold, 124 copies distributed gratis, with 589 copies yet 
on hand to be sold. A net profit of $810.58 has been made. Mr. 
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Buffum anticipates the sale of the remaining copies. This report was 
by motion accepted with the thanks of the Board for the excellent 
service given. 

In the matter of appreciation, the Secretary-Treasurer informed 
the Board that he had received a telegram from Secretary Kepner of 
the Rocky Mountain Sewage Works Association which, inter alia, stated 
‘‘We are sending to Mr. Buffum’s office a Bronze Plaque in apprecia- 
tion of his services.”’ 

Dr. Mohlman, Editor, in his report presented an interesting classi- 
fication of subject matter printed in Sewacre Works Journau. For the 
years 1936-1939 inclusive, he showed the number of pages published 
in each issue under the following headings: Sewage Research, Plant 
Operation, Industrial Wastes, Stream Pollution, Operators’ Reports and 
Reviews and Abstracts. He pointed out the effort made to make the 
JouRNAL of practical value to the plant operator, which is a cardinal 
principle in the Federation’s policy, and to that end, with the valuable 
aid of Dr. Hatfield, much space is being given to papers on Plant Oper- 
ation and Operators’ Reports. These subjects together with Sewage 
Research occupy 75 per cent of all subject matter. 30 per cent of all 
papers are received direct from authors and 70 per cent by way of the 
affiliates. In accepting his report the Board expressed its appreciation 
of the valuable service of Dr. Mohlman. 

Mr. Emerson made a brief report on behalf of F. W. Jones concern- 
ing the progress of the Joint Committee for Nomenclature for Sewage 
and Sewage Treatment. 

It was moved and seconded that the Board of Control commend the 
New York State Sewage Works Association for its accomplishments 
during the past year and extend its best wishes for its continued growth 
and service in the field of sewage treatment. Motion carried. 

The Board was informed of revisions in the Constitution and By- 
Laws of the California Sewage Works Association. These conform to 
the requirements of the Federation. 

Chairman Emerson, under the subject of Expansion and Reorgani- 
zation, explained that the Board at the January 1939 meeting au- 
thorized the appointment of a committee to consider methods for 
strengthening the Federation and to provide some plan for its further 
development. Such a committee was appointed and he presented to 
the Board its Progress Report, which was thereafter the subject of 
extended discussion. This report, with some slight modification made 
by a majority of the Committee present at the Board meeting, was ac- 
cepted by the Board. By motion it was ordered that this report should 
appear verbatim in the next issue of Sewace Works JOURNAL. 

It was further moved and seconded that the Chairman be author- 
ized to continue the Committee with replacement of those not accepting 
service, said Committee to submit a final report within 90 days— 
Carried. 

A subject allied with the foregoing relates to holding some form of 
National Convention. This was discussed, and it was represented that 
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there was a rather insistent demand for such a meeting. Mr. Emer- 
son noted that there was nothing in the Constitution and By-Laws to 
prohibit such a meeting. Finally it was moved and seconded, the mo- 
tion carrying, that a Convention Committee be appointed to arrange 
for a.Federation Convention to be held within a year in conjunction 
with the meeting of some member association. Also, the Executive 
Committee was authorized to make an appropriation for the prelimi- 
nary expenses of this committee not to exceed $50.00. 

The Budget of 1939 was made the basis of that for 1940 and it was 
suggested that it be adhered to as closely as possible; this by motion, 
seconded and passed. 

It was moved, seconded and carried that the present officers, where 
eligible, be continued in office. Accordingly, the officers are as follows, 
term of office for 1940 except as noted: 

Officers 
Chairman, C. A. Emerson, New York 
Vice-Chairman, Linn H. Enslow, New York 
Secretary-Treasurer, H. E. Moses, Harrisburg, Pa. (2 years) 
Business Manager, Wm. W. Buffum, New York 
Editor, F. W. Mohlman, Chicago, III. 
(Term of Editor expires in 1942) 
Members-at-Large 
Wm. W. Buffum, New York 
Linn H. Enslow, New York 
Charles G. Hyde, Berkeley, Cal. 
Wm. J. Orchard, Newark, N. J. 
H. W. Streeter, Cincinnati, Ohio 


It was moved and seconded, motion carried, that the Executive Com- 
mittee select the members of the Constitutional Committees. These 
comprise Executive, Membership and Publication Committees. 

The Board adjourned at 4:20 P.M. 

Respectfully submitted, 
H. E. Moses, 
Secretary-Treasurer 

(Editor’s Note: For preliminary reports on the meeting, see Jan- 

uary, 1940, issue of Sewack Works JouRNAL.) 





REPORT OF SECRETARY-TREASURER 
FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
FOR THE YEAR ENDING DECEMBER 31, 1939 


The year 1939 was one of continued growth of the Federation. No 
new affiliates joined, but there was a substantial increase in member- 
ship. Correspondence was had with several persons inquiring as to 
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the procedure to be followed to unite with the Federation, which may 
be productive of results later. 

Interest in the annual meetings of the affiliates continues unabated 
judging from reports received by the Secretary or published in Szwace 
Works JourNat and other engineering periodicals. Many indicate in- 
creased attendance. In some of the larger state groups or in Affiliates 
comprising more than one state it has become the practice to hold sec- 
tional group meetings in addition to the Annual Conference. This 
tends to sustain interest during the year and is convenient for the mem- 
bers residing in a given section. The meetings usually are for one 
day only and generally include inspection of the local plant. 

At the close of 1939 there was a gross membership of 2,804; with a 
deduction of 54 dual memberships, leaving a net total of 2,750, or an 
increase of 240 in the past year. 








Gross Did 


New sae Membership 


Renew 
Sub. 
1939 


Gross Dual Mems. 
Mem’s’p| Mems.| and 

Rein- 
statem’ts 
11 11 
32 


57 








Arizona S. and W. W. Ass’n 
California S. Wks. Ass’n 40 
Cent. States S. Wks. Ass’n 8 
Dak. W. and Sew. Wks. Conf. 

North Dakota 

South Dakota 
Federal S. Research Ass’n 
Ga. W. and Sew. Ass’n 
Iowa Wastes Disp. Ass’n 
Kansas W. and S. Wks. Ass’n : 
Ma:-Del. Woand ss. ASOD. 6.6 bec eo 
Michigan S. Wks. Ass’n 
Missouri W. and S. Conf 
New England S. Wks. Ass’n......... 
New Jersey Sew. Conf. Group 
N. Y. State S. Wks. Ass’n 
N. Carolina S. Wks. Ass’n 
Ohio 8. Wks. Conf. Group 
Oklahoma W. and 8S. Conf 
Pacific N.W. S. Wks. Ass’n 
Pennsylvania 8. Wks. Ass’n 
Rocky Mt. Sew. Wks. Ass’n 35 
San. Engr. Div. of the Arg. Society of Engrs. 12 
Sew. Drv.-0s. Sees, 6. WoW. Av: sec. s ee 25 
Can. Inst. on Sew. and San 123 
Inst. of Sew. Purif. —Eng 109 
Inst’n of San. Engrs.—Eng 50 








2804 5 7 | 268 
— 54 —28 

















2750 Net Mems. 240 Iner. 
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Membership was not renewed by 407, which was 53 less than the 
preceding year. This shows an improvement, but this loss seems too 
large, being 15 per cent of the year’s net membership. The member- 
ship details are shown in the table on page 381. 

Dues received by the Secretary-Treasurer and forwarded to Mr. 
Buffum amounted to $3,685.75, or $371.00 more than for the preceding 
year. The petty cash account of the Secretary-Treasurer for stamps 
and miscellaneous office expenses amounted to $21.55. Details of dues 
received appear below: 









































aoe no bie Total | Refund 
Arizona S. and W. Wks. Ass’n.................| (Paid dues direct to Mr. Buffum) 
California S. Wks. Ass’n........ iostwwncs] ® 1001S 20150 $ 409.00} $ 1.50 
Cent. States S. Wks. Ass’n........ Petes oe 757.75 757.15 1.50 
Dak. W. and Sew. Ass’n........ Rays wee 61.50 | $ 9.00 70.50 
Federal Sew. Research Ass’n.... . iA Sree 90.00 90.00 
Ga. W. and Sew. Ass’n....... oe Ae ele (Paid dues direct to Mr. Buffum) 
Iowa Wastes Disp. Ass’n...... eer ee 1.50 25.50 6.00 33.00 
Kansas W. and S. Wks. Ass’n.... . oe, Peers ; 54.00 54.00 
Md.-Del. W. and S. Ass’n..... te Ne Pe 37.50 37.50 
Michigan S. Wks. Ass’n..... Mend ease 1.50 222.00 223.50 1.50 
Missouri W. and S. Conf......... ......| (Paid dues direct to Mr. Buffum) 
New England S. Wks. Ass’n.................. 12.00 | 240.00 252.00 
New Jersey Sew. Conf. Group................. 90.00 90.00 
Dip aS) KES AEST... 5. cw ee eee ae 18.00 832.50 850.50 6.00 
AE CO SS Cae CRS 106.50 106.50 
Ohio S. Wks. Conf. Group. .... Ua h aes acne 165.00 165.00 
Oklahoma W. and S. Conf..................... (Paid dues direct to Mr. Buffum) 
Pacific N.W. S. Wks. Ass’n......... Oe ee .| (Paid dues direct to Mr. Buffum) 
Pennsylvania S. Wks. Ass’n........ Piet 292.50 | 292.50] 3.00 
Rocky Mt. Sew. Wks. Ass’n................... 39.00 39.00 
San. Engr. Div. of the Arg. Society of Engrs.....| (Paid dues direct to Mr. Buffum) 
Sew. Div.-Tx. Sec., S. W. W.A................. 1.50 36.00 | 1.50 39.00 
The Can. Inst. on Sew. and San................ 176.00 176.00 
The Inst. of Sew. Purif—Eng.................. (Paid dues direct to Mr. Buffum) 
The Inst’n of San. Engrs.—Eng................{ (Paid dues direct to Mr. Buffum) 
$42.00 $3627.25 $16.50 | $3685.75 | $13.50 











The reception given to the Tenth Anniversary Volume is gratifying 
to those instrumental in its conception and production. Mr. Buffum 
reports the sale has exceeded expectations, and from many sources 
laudatory comments have been received. 


H. E. Mossgs, 
Secretary-Treasurer 

















PLANNED PROGRESS IN POLLUTION CONTROL 


The interstate commission on the Delaware River Basin (Ineodel) was organized in 
1936 by the Joint Legislation Commission on Interstate Co-operation of Delaware, New 1 
Jersey, New York and Pennsylvania. It is engaged in the formulation and execution H 
of a co-ordinated, unified plan looking toward the wise use, development, and control of : 
the resources of the Delaware Basin as a whole. In the basin three-fourths of the popu- 4 
lation is directly affected by the degree of pollution to which the river is subjected. No 
municipality and no state in this watershed is immune. With the exception of the 
smaller and more homogeneous Hudson Bay area, no comparable interstate plan for the i 
correction and control of water pollution has been devised for any drainage basin in the 4 


nation. 


In the past three years (1936-1939) $10,580,000 has been spent in the construction 
of sewage collection and treatment works (N. J., $3,052,000; Pa., $7,528,000). The 
present population served by the improvements is 282,500 (Pa., 219,500; N. J., 63,000). 
Approximately 90 per cent of the work done was accomplished with the use of federal 
funds as grants-in aids, or loans, or both. More than 80 per cent of the over 5 million 
people living in the basin have sewerage systems; the sewage of nearly two-thirds of 
the population is discharged in the Delaware river without treatment; the volume of 
domestic sewage is estimated at 500 m.g.d. Of this amount, 75 per cent is contributed 
by Pennsylvania, 20 per cent by New Jersey, with Delaware and New York producing 


about 5 per cent. 


2,500 population, 110 have public sewers and 67 treatment plants, treating about 36 
per cent of the total volume of sewage before discharge into the river. 

The Philadelphia-Camden area is mainly responsible for the pollution and the repu- 
tation as the most grossly polluted area in the nation. At the present time almost 80 
per cent of Philadelphia’s sewage is discharged raw into the river. With Philadelphia 
drawing half of its water supply from this source, it follows that no other large city in 
the nation has an equivalent polluted source of domestic water supply. The cost for the 
abatement of municipal waste pollution is estimated at $65,000,000. This estimate does 
not include treatment of all municipal or industrial wastes. 


Eng. News Record, 123, 689-691, 764-766, 846-848 (1939) 


This article presents a summary of data and information concerning the design, 
construction and maintenance of outfall sewers with submerged discharge into large 
bodies of water, particularly the oceans. 

Ocean disposal of sewage is usually closely regulated by State Health authorities. | 
The California State Board of Health uses the following relationship in deciding upon 
the length of ocean outfalls necessary to keep the beaches free of sleek menace or undue 
bacterial contamination, where free dispersion of the sewage takes place. 
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The fundamental requirements in outfall design are: (1) provision for conveying 
a stipulated quantity of sewage flow to a point of discharge far enough from the shore 
line, under the conditions existing at the site, to prevent nuisances that will be con- 
demned by health authorities; a type of construction that will give the sewer long life, 
low operating and maintenance costs, and possibility of extensions such as may logically 
be expected later. 

The choice of locations of a subaqueous outfall sewer depends on many factors. 
First come the sanitary regulations mentioned above. The kind and quality of the 
material constituting the ocean bottom and the bottom topography must be considered. 
Water depth, the strength and direction of littoral currents and distance from recrea- 
tional beaches and residential areas must be studied. Possible damage to the sewer 
from dragging anchors is always a potential risk for which provision should be made. 

Wave action is particularly important in causing pipe movement and breakage of 
joints. The zone in which the waves break has the greatest effect on the pipe, caused 
by wave impact and bottom scour. The changes in pressure head may foree sand into 
the line through the joints. Authorities believe that at depths greater than 35 feet con- 
ditions are fairly stable and the dangers of pipe movement are practically eliminated, 
except in the case where littoral currents are strong. 

Records of currents along beaches should be available for periods extending over 
a year in order to take account of all seasonal variations. Although currents are an 
asset in dispersion, they may have the adverse effect on the foundation if the bottom is 
soft. 

The type of outfall sewers to be used depends on the size of pipe required. The 
practice has been to consider outfall sewers of 18 in. and smaller sizes in one category 
and sizes of 20 in. or above in another. Construction methods are appreciably different 
in the two categories. 

For sizes under 18 in. the advantages of all-metal pipe are such that it is universally 
accepted. Wrought iron pipe sections connected with threaded couplings are frequently 
used. Cast iron pipe with bell and spigot joints provides a durable line. In some in- 
stances a continuously welded pipe with welded joints has found favor. Experience 
gained by the oil companies in California, Mexico and Persia on subaqueous oil lines 
for loading tankers offshore has been used to advantage by engineers on sewer outfalls. 

The materials for sizes above 18 in. are usually cast iron or concrete. Cast iron 
pipe may have the bell and spigot joint or the more expensive ball and spigot joints. 
However, the new White’s Point outfall in California was made of a reinforeed concrete 
pipe barrel with a cast iron joint of the ball and socket type. Concrete pipe can be 
used in much larger sizes than east iron. The sections may be cast near the site of 
operations. The casting yard problems frequently determine the length of the section 
which may be used. 

Joints between sections of pipe in an outfall sewer appear so frequently in the list 
of troubles as to make them the most vulnerable part of the installation. The smaller 
diameter pipes below 18 in. do not cause much difficulty as the joints may be made as 
strong as the pipe itself. Sections are comparatively long and fewer joints are required. 
For the larger pipes it is common to connect a number of lengths on shore, using bell 
and spigot joints and a strong and durable jointing material. If the jointing com- 
pound is a mastic or plastic material, the temperature effect of the relatively warm 
sewage must be considered. Sewage temperature may be high enough to soften the com- 
pound, weaken the bond and permit the pulsation of wave action eventually to work 
the mastic loose and open the joint. Instances of serious damage from this cause are on 


record. 
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The submarine joints may be of the ball and socket type or bell and spigot. With 
the latter, the calking should be done by a diver working on the inside of the pipe. The 
diver will find it easier to work on the inside as he will not be swayed by the waves and 
will not have to cut bell holes in the foundation in order to calk. Experience has shown 
that submarine joints should be placed at intervals of 5 to 10 sections to give the neces- 
sary flexibility to take up any horizontal or vertical movement in the line. They will 
also reduce the tendency to pull apart the rigid joints or to partially open them. 

Outlet structures at the discharge end of the pipe are of particular importance where 
maximum dispersion must be obtained in relatively shallow water. The simplest form 
of terminal is merely the open end of the pipe with the end turned up to prevent the 
entrance of sand. Openings in the top of the pipe may be used. Where the line is 
divided to form two outlets discharging in different directions, care must be taken in the 
hydraulie design so that each branch will carry the same flow in order to prevent clog- 
ving of one line. Diffuser caps have been found to give excellent results when properly 
designed. 

In laying the outfall sewer the line is preferably placed in a trench cut in rock and 
covered with concrete in the zone where the waves break. Trenches cut in the sand are 
not acceptable as it is difficult to excavate for a smooth bottom. Undue joint stresses 
may result. Backfilling with sand is looked upon with disfavor as joints may leak 
slightly and sand may be sucked in by wave pulsations. 

Seaward from the breaker line preference is given to a line simply laid ony the ocean 
bottom. Where the bottom is not uniform or where swift currents cause a shifting of 
the bottom, it may be necessary to use trestles. Timber trestles are considered safer 
than steel because collision may damage a large section of the steel structure firmly tied 
together while only a small part of the timber trestle will fail, causing less pipe break- 
age and easier repairs. 

Anchorages may also be required. For smaller pipes chains may be attached to 
collars placed at 50 to 100 ft. intervals. Old iron chains about 25 ft. long are laid on 
the bottom at right angles to the pipe. The weight of the chains soon imbeds them far 
enough to give the outfall resistance to transverse movement. On hard bottom or where 
ocean currents prevail, a preferred method of anchorage is the use of éonerete piers, 
either poured in forms or placed in sacks piled up around the pipe. 

Subaqueous outfalls of diameters under 18 in. ordinarily are constructed on shore 
and then placed in one operation, either by pulling the line along the ocean bottom or 
by launching, towing to place and there sinking it bodily. A preferred method is first 
to construct an inclined slide or runway on the beach on which the pipe sections are as- 
sembled and the joints are made tight. 

Placement of outfalls of larger diameter is either made by lowering the sections 
from a trestle or derrick barge or with the aid of pontoons, or a combination of both. 
Divers are essential to direct the work. 

Considerable maintenance work is necessary in outfall sewers to keep them in service- 
able condition. Submerged manholes should be installed 300 to 500 ft. apart so that 
divers may enter the line occasionally. Their function is to note any settlement in the 
line and whether the joints are tight. They frequently calk joints and perform minor 
repairs. Inspection will also indicate the accumulation of sand or grease which might 
reduce the capacity of the outfall. 

The author presents a table of statistics and cost data on some typical subaqueous 
outfall sewers and comments on the length of life of the various materials in use. Cast 
iron seems to have an indefinite length of life in sea water. Wrought iron has stood 
up well for small sewers and may have strong welded joints. Steel pipe has the ad- 
vantage of lower cost but does not have long life unless coated and secured by a cathodie 
protection device to prevent electrolytic corrosion. Large diameter outfalls require 
frequent servicing, no matter what the material, 
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SEWAGE DISPOSAL PROJECT OF BUFFALO, NEW YORK 


By SamMvuret A. GREELEY 


Proc. A. S. C. E., 65, 1341 (October, 1939) 


The purpose of this paper is to present some of the engineering data accumulated 
during the design and construction of the sewage disposal project of Buffalo, N. Y. 
During the three years 1936 to 1939 the Buffalo Sewer Authority completed the con- 
struetion of intercepting sewers, sewage treatment works, and storm-water relief sewers, 
at a total project cost of $15,000,000. 

The first investigation of the sewage disposal problem of Buffalo was made _ be- 
tween 1909 and 1918 by the International Joint Commission in connection with the pol- 
lution of the boundary waters between the United States and Canada. In 1934 the 
New York State Department of Health issued orders requiring that treatment works 
be completed and in operation by October, 1937. 

The function of the project is to relieve Buffalo and Black Rock Harbors and Buffalo 
River from undue pollution, to remove contamination from the Niagara River and to 
reduce the bacterial content of its waters in order to avoid placing a heavy load on the 
communities below Buffalo which derive their water supply from the Niagara River. 
The drainage area of the Niagara River at the outlet of Lake Erie is about 175,000 sq. 
miles. The average discharge is 203,000 e.f.s., with 176,000 ¢.f.s. exceeded 90 per cent 
of the time. The minimum monthly average discharge on record is 142,000 e.f.s. and 
the maximum is 251,000 ¢.f.s. Thus the discharge is relatively large and uniform 
throughout all of the year. Below Buffalo the Niagara River is used as a water supply 
by Tonawanda, North Tonawanda, Lockport, Niagara Falls, Youngstown, and Fort 
Niagara in New York, with a total population of about 150,000, and by the cities of 
Fort Erie and Niagara Falls in Canada. 

Practically all of the sewers of Buffalo are on the combined plan, their total length 
being about 710 miles. The first sewers were built prior to 1850. Before their con- 
struction of the intercepting sewer there were 62 outlets, all of which have now been 
connected to the interceptor. The city is divided topographically into two parts, one 
draining naturally to the Buffalo River and the other directly to Black Rock Harbor 
and the Niagara River. With a few exceptions, the main drainage system has been de- 
veloped along these natural lines. Black Rock Harbor is a waterway connecting the New 
York State Barge Canal with Buffalo Harbor. Only a small flow, about 100 ¢.f.s., is main- 
tained from the locks. About 40 ¢.f.s., or 20 per cent of the entire sewage of the city, 
emptied into this harbor, making it grossly polluted. Conditions in the Buffalo River 
were also critical. Samples taken during the summer of 1937 showed no dissolved oxy- 
gen in the stream for a length of 5 miles from its mouth, and a B.O.D. as high as 40 p.p.m. 

Much field engineering work was required to be done promptly, including surveys 
for design and for the acquisition of land and rights of way, investigations of the best 
location for intercepting sewers, the supervision of borings, examination and gaging of 
existing sewers, and planning and organizing a laboratory. Much useful work was 
accomplished through the laboratory, in determining sewage characteristics and quanti- 
ties and the condition of the water in many of the waterways. Tables and graphs are 
included by the author to indicate the results of the laboratory work. During 1936 in- 
vestigations were made as to the effect of storms on the quantity of suspended solids 
in the sewage, with special attention being paid to the characteristics of the first flush- 
ings which would be taken to the treatment plant. 

Buffalo has a relatively large number of industries which produce sewage. Many 
of these are situated in the southerly part of the city which drains naturally to the 
Buffalo River. Some of the larger plants discharge directly into the river and do not 
use the sewers. The chemical industries form an important group, including seven 
major plants. Two large coal coking plants, 24 packinghouses, 11 breweries, 15 dairies, 
8 oil handling and refining plants, five rubber reclaiming plants, and five tanneries are 
included. Many of these industrial establishments have been surveyed and the quanti- 
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ties and characteristics of the wastes determined by gagings and analyses. Some of the 
sewage from the industries is not likely to be amenable to treatment. It has thus been 
desirable to undertake a co-operative program with the industries for the removal of 
pollution from the Buffalo River and from the sewers of the city. This program has 
proceeded on a satisfactory basis. 

Stormwater relief sewers were planned to serve the Bird Avenue sewer district 
which has an area of 5,490 acres. The main sewer for this district was inadequate 
throughout its length. The new sewers were designed on the basis of the rate of rain- 
fall estimated to occur once in ten years. <A runoff coefficient of 0.60 was used for the 
area within the city limits and 0.22 for the rural areas outside of Buffalo. The size of 
relief sewers ranged from 3.5 to 12.0 ft. in diameter. The total cost of these amounted 
to $2,330,000. 

Intercepting sewers were designed to serve a future population of 1,100,000, ex- 
pected to be reached in 1985. The present population is about 670,000. For the de- 
sign of sewers and structures serving only part of the city, the estimated average sew- 
age quantities were increased by factors to allow for a different distribution of the fu- 
ture growth than that estimated. The factors varied with the size of the area served 
and with the estimated density of population, having a maximum value of 1.5. These 
factors were applied to the domestic, industrial, and commercial quantities, but not to 
the infiltration. For the area that will overflow to the Buffalo River the intercepting 
sewer capacities were based on 3.0 times the estimated 1985 average flow, and for all 
other areas on 2.5 times the 1985 flow. Kutter’s formula, with n= 0.013, was used in 
determining the capacities of all interceptors. Tables showing basie factors and com- 
putations for determining the flows are presented. Typical sewer sections for use in all 
types of excavations are also given, as is a profile of the main line. 

Many special structures were required. The South Buffalo pumping station was 
constructed and equipped with four vertical centrifugal pumps having a total rated 
capacity of 100 M.G.D. A tunnel crossing under the Buffalo River leads to the station 
through two conduits, one 36 in. in diameter and the other a rectangular section 4 ft. 
by 6.5 ft. The main crossing under Black Rock Harbor to the sewage treatment plant 
comprises two conduits, each 8 ft. in diameter. Some 55 intercepting and regulating 
chambers were built, as well as large number of special structures including creek and 
sewer crossings, junction chambers, and several lateral separate sewers. The estimated 
final construction cost of the intercepting sewers was $6,407,000. The cost of sewers 
in dollars per linear foot for the various types of sections is included in a table. 

The sewage treatment plant was constructed on Bird Island, along the west boundary 
of the city and somewhat north of the east and west center line of Buffalo. The Au- 
thority had to obtain special permission from the City of Buffalo, the State of New 
York, and the United States for the use of this site. The bases of design are presented 
in an extended table. The following is a brief summary of these factors: 


Design Population (1950) 
Design Flow—Average 
Sewage Characteristics 
icles PS) it Ea ge 150 p.p.m. 
Pounds per Cap. per Day 0.3 
Volatile Matter 70% 
0.15 average 
1.0 max. 24 hr. 


The sewage treatment plant occupies a somewhat triangular shaped site having an 
area of 23.0 acres. The author presents a general plan and a hydraulic profile of the 
plant. The sewage is first pumped, then flows by gravity through a sereen and grit 
chamber, venturi meters, aerated channels, four sedimentation tanks, and a submerged 
outfall to the Niagara River. 

The pumping building contains six vertical, close-coupled, centrifugal pumps, each 
with a rated capacity of 100 M.G.D. The average pumping head is 23 ft. Two of the 
pumps have two-speed motors to assist in uniform regulation of flow into the sedimen- 
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tation tanks. There are twelve grit chambers. Each pair operates as a unit with one 
bar screen and pump, with no ecross-connections between these units. Coarse trash racks 
with bar spacing of 5.5 in. precede mechanically cleaned bar screens with a clear spac- 
ing of 0.75 in. Two venturi tubes follow the grit chambers, after which two conduits, 
each 285 ft. long, are used for aeration of the sewage. Chlorine is added at the effluent 
end of the conduits. The sewage then flows through a by-pass and control chamber 
to four cireular clarifiers which provide a detention of 80 min. at average flow. Each 
of these tanks is 160 ft. in diameter. Effluent from these flows into the Niagara River 
about 200 ft. from shore at a depth of 40 ft. 

The settled sludge is pumped to four sludge storage tanks, each 90 ft. in diameter 
and equipped with a floating cover. These have a total capacity of 750,000 cu. ft. or 
1.0 cu. ft. per capita. In the center of the space occupied by these tanks is a building 
that houses sludge pumping and control equipment, with provision for the delivery of 
sludge at given rates into one or all of the four tanks, the transfer of sludge from one 
tank to another, and to the sludge disposal building. This building houses three vacuum 
filters, three flash-type sludge incinerators, and the boiler plant for heating the sludge 
storage tanks and all the buildings. 

Each filter is 11.5 ft. in diameter and 14 ft. long, with a filtering area of 500 sq. ft. 
It is estimated that these filters will dewater the sludge from a moisture content of 94 
per cent to 70 per cent at an average rate of 5 lb. of dry solids per sq. ft. per hour 
when conditioned with 2.0 per cent ferric chloride and 8 per cent lime. The sludge 
cake discharges on a belt conveyor which leads to a mixer where the wet cake is mixed 
with previously dried sludge. The mixture is delivered to the flash driers; thence it is 
blown into the furnaces for combustion. Any deficiency in heat units in the sludge is 
made up by burning oil or gas. The incinerators include ash-removal equipment, fly- 
ash cyclones, and other appurtenances. Each of the three incinerators has a rated ¢a- 
pacity of 100 tons of sludge cake containing 70 per cent moisture per 24 hrs. Two of 
the units will probably be sufficient to dispose of the average quantity of sludge. 

The various units of the sewage treatment plant are connected by a service tunnel 
along one side of which the main ventilating duct is constructed. Where sewage is ex- 
posed in any building large ventilating fans are provided which withdraw air and dis- 
charge it into the main duct which in turn leads to the 175 ft. chimney. The main 
building houses the office and laboratory, garage, machine shops, blowers for the aerated 
conduits, chlorine equipment, and the plant water supply, including pumps and ele- 
vated tank. The cost of the main sewage pumping station and treatment plant was 
$4,378,891. The part of this total sum required for sewage treatment is about $3,500,000, 
which is equivalent to $4.67 per capita or $23,000 per M.G.D. of design capacity. A sum- 
mary of bids and allocations of cost are presented. 

Under the act creating it, the Buffalo Sewer Authority has taken over the mainte- 
nance and operation of all the sewers of the city. Thus, estimates of annual operating 
costs include items for the maintenance of lateral sewers, for cleaning and repairs, and 
for progressive rehabilitation. This amounts to approximately $1,500,000 per year, 
including debt service, of which $397,000 is for the maintenance and operation of the 
sewage treatment plant. The Authority has adopted a two-part. schedule for raising 
the annual revenue. The schedule provides that 55 per cent of the total sum (or $825,- 
000) shall be derived from a charge based on water consumption, and that all of the 
remainder (or $675,000 per yr.) shall be derived from a charge to be paid by all taxable 
property in proportion to the assessed valuation. The portion of the rate applicable to 
water use is 40 per cent of the water rates, and the portion applicable to assessed valua- 
tion is about $0.73 per $1,000. 
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PROBLEMS AND TRENDS IN ACTIVATED SLUDGE PRACTICE 


By Rosert T. REGESTER 


Proc. A. S. C. E., 65, 1501 (November, 1939) 


This paper discusses the problems presented in the design and operation of activated 
sludge plants in the United States and trends indicative of American practice since 1930. 
Pertinent data relating to the basic design and principal characteristics of thirty plants 
of large and medium capacities are included for comparative study. Available opera- 
tion results for certain works are also given. The total nominal capacity of the acti- 
vated sludge plants in this country is estimated at about 1,700 M.G.D. 

Preliminary treatment is generally required. Mechanically cleaned bar screens are 
installed in most plants. When combined sewage is treated grit chambers are usually 
included. Primary sedimentation is provided to even out the flow, to aid digestion and 
reduce the volume of the excess activated sludge, and to reduce the quantity of air con- 
sumed. Pre-chlorination may be used for odor control. 

The design of aeration tanks has undergone a marked change in recent years. Ae- 
ration periods have decreased to the extent that some large plants are now using only 
3 to 3.5 hours. In some instances diffuser plates of baffles have been arranged in oc- 
sasional rows across the tank to break up the core of spiral flow and thus lessen short- 
circuiting. “Tapered” aeration is being tried out in several plants to supply air in 
accordance with the oxygen demand curve. This may be arranged by decreasing the 
percentage of diffuser plate area along the tank. At the Tallmans Island plant in New 
York the same purpose is accomplished by introducing settled sewage at three points in 
the tank. 

Operating galleries extending over the full width of'a battery of aeration tanks, 
located between these tanks and the final clarifiers, are usually provided in the larger 
plants. The gallery contains the air main, return sludge pipes, settled sewage conduit, 
control valves, drains, and all metering devices. Regulation of flow is accomplished by 
hydraulically operated valves in the venturi meter tubes and the air pipes. Cone valves 
are sometimes used in conjunction with venturi meters to control the rate of flow. There 
is a definite trend toward the accurate proportioning of flow to the various units of the 
plant. 

Return sludge pumping is almost universally accomplished by centrifugal pumps 
although air lifts have been used. To provide for the necessary variations in the rate 
of returning sludge, variable-speed pumps are required up to a maximum capacity equal 
to 50 per cent of the average sewage flow. 

Air blowers in use are of two general types—rotary positive-displacement and 
centrifugal. Flexibility for efficient operation over a wide range of total air capacity 
is often provided by having units of different capacities. Since power cost for air blow- 
ing is a major part of the total operating cost of an activated sludge plant, increased 
attention has been directed to the selection of blower capacities. Rotary compressors 
are generally used in the smaller plants and are particularly adaptable to being driven 
by gas engines as both must operate at low speeds. 

In the larger plants the centrifugal type, driven by motors or steam turbines, has 
been used. Motors may be of the induction or synchronous type. The latter provides 
for power-factor correction but requires elaborate electrical control equipment. Cen- 
trifugal blowers, like centrifugal pumps, operate most efficiently at one point on the 
pressure-volume characteristic curve. For a proposed installation it is necessary to se- 
lect the sizes of blowers with proper regard for the probable air requirements-—mini- 
mum, average, and maximum—to secure an economical arrangement. Certain new fea- 
tures of centrifugal blower installations consist of: independent structural supports for 
the blower units separated from adjacent parts of the blower building by elastic joint 
material; flexible joints in connecting pipes; cone-type check valves automatically oper- 
ated; air blow-off valves for either the air discharge manifold or the discharge pipe of 
each blower. 
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The final sedimentation of the mixed liquor is an essential step in the activated sludge 
process which deserves particular attention. A lowering of the overflow rate down to 
900 to 1,000 gal. per sq. ft. per day on the basis of average mixed liquor flow has been 
practiced in the latest of designs. Detention periods range from 1.7 to 2.6 hours. The 
shape of. the tanks is generally circular or rectangular, although square or octaganal 
areas have been used. Effluent weirs for circular tanks are placed around the periphery. 
Rectangular tanks are provided with numerous transverse and longitudinal arrange- 
ments of weirs to give the maximum weir length and thus reduce the rising velocity. 
Values from 8 to 33 sq. ft. of tank area per linear foot of weir are in use. 

Probably no other branch of activated sludge practice has shown more divergent 
trends than methods of sludge disposal. The most common method in smaller plants 
has been the return of waste sludge to the preliminary settling tanks, with subsequent 
digestion of the combined sludge. The use of gas from the digesters to run gas engines 
connected to compressors is common practice. Concentration of the sludge in separate 
tanks, either of the Dortmund-type or with a picket-fence mechanism, is in use in some 
of the larger plants. Centrifuges have been installed in two plants for the concentration 
of activated sludge. Vacuum filtration and drying of sludge for sale as a fertilizer 
takes place in several plants. Rotary driers are used in older installations while “ flash ”- 
drying has found favor lately. Incineration is also utilized at several large plants. The 
author presents a table showing ultimate disposal of the sludge. 

Further treatment is occasionally given to the effluent from an activated sludge 
plant. Chlorination may be used seasonally for sterilization. Where extra head is 
available cascades have been arranged to affect additional oxidation. Magnetite filters 
have been installed at several plants to assure a clear effluent at all times. 

The operation of activated sludge plants and the control of the process have pre- 
sented a variety of problems. Starting procedure for smaller plants has been to fill the 
aeration tank with freshly settled sewage and aerate for a period, then to settle the 
aerated sewage and mix the sludge with more incoming material, repeating the operation 
until a biologically active sludge is developed. This may require from one to three 
weeks. 

Control of the process is largely a matter of laboratory procedure. In many cases 
this has been simplified to the extent that the shift operators can perform the tests, thus 
reducing the time element and permitting corrective steps to be taken when necessary. 
Valuable criteria of performance are the suspended solids in the mixed liquor, the dis- 
solved oxygen in the liquid of both the aeration and final settling tanks, and the sludge 
index. The optimum suspended solids content of the mixed liquor is best determined 
by actual plant performance. It is related to the character of the sewage to be treated, 
the quantity of air introduced, the detention period, and possibly other factors. Curves 
are presented to show the relationship between the suspended solids in the mixed liquor, 
the solids in the return sludge and the rate of sludge returned. The maintenance of 
dissolved oxygen in the effluents of both the aeration and ‘final settling tanks, to the ex- 
tent of at least 2 p.p.m., is recognized as a necessity for proper operation. The sludge 
index in the mixed liquor is used principally as a means of detecting the probability of 
bulking sludge. The depth of sludge blanket maintained in the final tanks may have a 
detrimental effect upon the quality of the sludge unless the level and quantity stored is 
kept to a minimum consistent with plant requirements and density of sludge desired. 
A high level may also cause passage of floc with the effluent. 

Certain influences may have a harmful effect upon the satisfactory performance of 
activated sludge plants. Some of these factors are: septic raw sewage; variations in the 
quantity and strength of the incoming sewage; the return of strong supernatant liquid 
from digestion tanks to the sewage ahead of preliminary sedimentation; and relatively 
large proportions of industrial wastes in the sewage. The process has been used suc- 
cessfully for treating sewage containing appreciable quantities of wastes from packing 
houses, vegetable canneries, rayon mills, and other sources. On the other hand, wastes 
from metal works, dairies, textile mills, and diverse industries have proved troublesome, 
and in some cases have been found impossible to treat by this process. 

The perplexing character of many problems encountered in practice, together with 
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the desire for a more complete understanding of the fundamental phenomena and the 
environmental factors of the activated sludge process, has stimulated research in this 
field. Much progress has already been made by numerous investigators. The author 
lists fifteen phases which need further investigation in order to lead toward standardi- 
zation and a more complete understanding of the process. These include the influence 
of basie factors such as the character of sewage, variation in flow, and the degree of 
pre-treatment upon plant performance, the object being to determine design limits; 
the effects of certain industrial wastes; the handling of supernatant liquor; sludge thick- 
ening; studies of air and diffuser equipment, the efficiency of final settling tanks, and 


control tests. 
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STUDIES ON THE DIGESTION AND DISTILLATION OF ORGANIC 
WASTES I, II, III, IV, V, VI 


By S. SHIBATA 


Soc. Chem, Ind. Japan, 42, 38, 79 and 164 (1939) 


Waste activated sludge when mixed with well digested sludge produced, during the 
course of 60 days, 225-325 each of gas per gram volatile solids added and resulted in 
41.3 per cent reduction of volatile solids. During the first 20-day period high percentages 
of hydrogen were found in the gases (15-30 per cent). The digested residue when sub- 
jected to dry distillation (at 500° C.) yielded from 10-15 per cent of crude oil on the 
basis of dry weight of the sludge. About 70 per cent of the material was recovered as 
retort residue (Shokatan) the balance being recovered as ammonia liquor and lost as 
gas. The crude oil was high in carbon and hydrogen while the Shokatan was low in 
these elements and high in ash. Specific gravity of the crude oil was 0.912-0.922. Di- 
gested settling tank sludge yielded only 7-10 per cent of crude oil. Activated sludge, 
with a lower yield of gas, gave a higher yield of crude oil than digested settled solids. 
Of two activated sludges the one producing the greater quantity of gas gave a smaller 
vield of erude oil on distillation. 

The analysis of the gases evolved from the aeration channel of Sheffield activated 
sludge process showed 31.4 per cent CO., 23.4 per cent CH, 7.5 per cent H:, 1.6 per cent 
0. and 3.6 per cent N. The author claims that a certain amount of anaerobic digestion 
takes place in the aeration chamber as well as in the settling tank. On dry distillation 
of surplus activated sludge without digestion the yield of crude oil obtained increased 
to 17.5 per cent. The specific gravity of this oil was 0.89. It was lighter in color and 
had a weaker aromatic odor than that obtained from digested sludge. , Raw primary 
sludge gave only a yield of 11.5-12.0 per cent of crude oil on distillation. This material 
on distillation gave a brownish greasy tar prior to the fuel oil. The residue from dis- 
tillation of the undigested fresh solids was like grain and differed greatly from the 
residue from activated sludge which had a hard plate-like appearance. The author 
favors the prior digestion of activated sludge, for the utilization of the gases produced 
in heating the retort, in spite of the higher yield of crude oil from the undigested acti- 
vated sludge and does not consider favorably the distillation of fresh solids because of 
the difficulty of drying the solids. The author considers that the origin of erude oil 
especially from activated sludge is the microbial material in the plankton, algae and 
protozoa. The origin of crude oil from anaerobically digested sludge is attributed to 
the hydrocarbons formed by the action of anaerobie bacteria as well as to the bacteria 
themselves and the undecomposed residual fatty matters and proteins. 

In an attempt to increase the quantity of fuel oil, mixtures of soy bean and starch 
were subjected to anaerobie digestion. The digestion of these materials was slow, re- 
quiring 200 days due to improper seeding and troubles due to the fluctuation in pH 
values. The yield of gas was 500 cc. per gram of raw material added. The yield of 
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crude oil after the digestion of the soy beans and starch was 16 per cent of the weight 
of the digested residue. Soy beans without prior digestion gave 24.5 per cent fuel oil 
on dry distillation. 

The gasoline fractions of the crude oil obtained from the distillation of various 
sewage sludges were as follows: primary settling tank sludge 22.8 per cent, raw acti- 
vated sludge 22.6 per cent, activated sludge digested for 40 days 35.3 per cent. The 
gasoline fractions consisted of unsaturated hydrocarbons, aromatic hydrocarbons and 
paraffine and napthalene series of hydrocarbons. The amount of oxygen in the crude 
oils from digested sludge was much lower than in the undigested sludge indicating de- 
oxygenation during digestion and giving an oil of high quality. There was no decrease 
of nitrogen and sulfur in the fuel oil derived from the digested solids. 

In another experiment a mixture of bean curd (from soy beans) and potato starch 
and acid clay were digested anaerobically with ripe sludge for a period of 85 days, just 
before the production of combustible gas, in order to trap the substance for fuel oil. 
The undigested mixture gave a 22.5 per cent yield of crude oil, while after digestion 
19.8 per cent of crude oil was obtained on distillation. A mixture of primary sludge 
and garbage in the ratio of 16:1 was digested for a period of 170 days. Digestion 
proceeded under acid condition due to the large amount of boiled rice and vegetables in 
the garbage. Only 244 ¢.c. of gas were produced per gram of volatile matter added. 
The yield of crude oil after distillation of the digested material was 11.0 per cent. 

H. HEUKELEKIAN 





CONTRIBUTION TO THE STUDY OF ACTIVATED SLUDGE 


By S. MIHAELOFF 


J. Pharmacie et de Chemie, 30, 13 (1939) 


The rate of nitrification is accelerated during the activation of sewage so that the 
time required to oxidize 10 p.p.m. NH;-N is reduced from 30 hours during the aeration 
of sewage to 1 to 2 hours after activation is complete. Bicarbonate is changed to cal- 
cium carbonate, which is precipitated. When the calcium carbonate content of sewage 
is high, nitrification is rapid. It is only when nitrification is established that activation 
is complete. The author contends that activation is the result of microbial action, which 
coagulates and oxidizes the organic matter in sewage. As evidence, he cites the constant 
presence of filamentous organisms in activated sludges derived from various sources 
such as sewage or dairy wastes and by different methods of activation. The higher the 
amount of microbial filaments, the more rapid is the rate of settling of sludge. The 
author re-confirms the accepted fact that nitrification is due to the action of two organ- 
isms, one of whieh acts only on ammonia and not on the nitrite and the other on nitrite, 


but not on the ammonia. 
H. HevuKELEKIAN 





ON THE USE OF DINITROPHENOLINDOPHENOL AS AN INDI- 
CATOR FOR THE DEMONSTRATION OF PUTRESCIBILITY 
OF SEWAGE 


3y E. Remy 


Arch. F. Hyg. Bakt., 119, 10 (1937) 


A eomparison of the putrescibility test of polluted waters was made with methylene 
blue and dichlorphenolindophenol. One-half cubic centimeter of 0.05 per cent methy- 
lene blue was used in 49.5 c.c. of the water to be tested and 1 ¢.c, of 0.027 per cent so- 
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lution of dichlorphenolindophenol was added to 49 e.c. of water. Dichlorphenolindo- 
phenol was dissolved in a 10 per cent solution of 1/15 molar primary potassium 
phosphate and a 20 per cent solution of 1/15 molar secondary sodium phosphate. The 
dyes when diluted in the above quantities give the same color intensity. When these 
dyes were tested for decolorzation with pure organic substances, well waters and 
settled sewage, the decolorization proceeded faster with dichlorphenolindophenol than 


with methylene blue. 
H. HeuKeELeEKIAN 





BIRMINGHAM, TAME AND REA DISTRICT DRAINAGE BOARD 
25th Annual Report. Year 1938-1939 


This Board added 993 acres to its area in 1939. Of its sewage works site, 214.5 acres 
was sold. The annual cost, including interest and working expenses, was £227,650 
($910,600) in 1939-40, or 11s. 11d. ($2.44) per rated tenement (sewer connection) as 
against 11s. 9d. in 1938-39, and 11s. 10d. in 1937-38. The total cost per head, ex- 
clusive of pumping, was 42.6 d., or 73 cents. Capital expenditures in 1938-39 totaled 
£74,360 ($297,440). 

At the Yardley Works, owing to the presence of iron salts and increased organic 
matter, the sewage is limed, then pre-aerated with surplus activated sludge and filter 
humus; settled; then treated in an activated sludge plant with aeration for one to two 
hours with reconditioned activated sludge. After settling, the effluent is distributed over 
trickling filters, and the effluent therefrom is settled. The aeration of sewage with lime 
and iron salts produced marked clarification. With the modified treatment, the trickling 
filter media has cleared up. 

A study of the bacterial content in sewage and the sewage effluents shows the effect 
of industrial wastes in inhibiting bacterial action. An example of the results obtained 
at two plants is as follows: 
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SYMPOSIUM ON INDUSTRIAL WASTES * 


WATER POLLUTION 


By Rosert Spurr Weston 
Ind. and Eng. Chemistry, 31, 1311 (November, 1939) 


Revival of industry has brought with it increased pressure from 
sanitary authorities, sportsmen’s and nature lover’s organizations and 
the general public for cleaner streams. Some states have passed dras- 
tic legislation prohibiting the discharge into streams of any waste that 
may prove injurious to public health or to animal or aquatic life or that 
may prevent the use of waters for domestic, industrial or recreational 
purpose. However, such legislation is not very conveniently enforced 
and a better approach is through cooperation between industry and the 
public authorities. The possibility of designating streams for particu- 
lar uses is mentioned and streams are classified into (1) those which 
should be preserved in their natural condition and reserved for water 
supply; (2) those used for sewage disposed after treatment and for 
water supply after purification of the water; (3) those used for sewage 
disposal after such treatment of sewage or industrial wastes as is neces- 
sary to prevent nuisance. 

Consideration must be given to the ability of a stream to handle the 
pollutional load discharged to it. This entails a study of the concentra- 
tion of wastes which it is proposed to discharge into the streams and of 
methods of treating these wastes. 

Population equivalents and oxygen demand of several types of 
wastes in Indianapolis have been reported by Calvert and Parks (Sew- 
age Wks. Jrnl., 6, 1159). 

In addition to their concentration as measured by B.O.D. and sus- 
pended matter certain wastes require consideration because of their 
individual characteristics. A few such wastes are (1) ligneous and 
resinous wastes from digestion of wood, paper stock, cotton cloth and 
vegetable fibers. Such wastes are highly concentrated and antiseptic 
and resist natural biological purification; (2) greasy wastes from wool 
scouring, tanning, meat packing; (3) nitrogenous wastes from animal 
industries; (4) carbonaceous wastes from starch, sugar, brewery, dis- 
tillery and glucose factories; (5) soapy wastes from laundries and 
textile mills; (6) acid wastes from mines and metal works; (7) toxic 
gas house and coke works liquors; (8) oily wastes; (9) miscellaneous 
wastes which may contain arsenic, cyanide, dyes, ete. 

In establishing standards for water polluted by industrial wastes it 
is customary to use such values as minimal dissolved oxygen, freedom 
from accumulated sludge deposits, or limiting bacterial content, all 


* Presented at the 98th Meeting of the American Chemical Society, Boston, Mass., Sept. 
5, 1939, 
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dependent upon the uses of the stream. It is generally agreed that the 
minimum dissolved oxygen content of a stream used for water supply 
shall be not less than 4 p.p.m. and that the D.O. of no stream should be 
permitted to fall below 2 p.p.m. 





LEGAL ASPECTS OF THE INDUSTRIAL 
WASTES PROBLEM 


By James A. Tosry 
(Page 1320) 


Legislation and judicial action alone cannot solve the problems cre- 
ated by industrial wastes. In addition to law the solution requires the 
use of such important elements as investigation and research, the appli- 
‘ation of new and established technical procedures, the education of 
industry and the mobilization of public opinion, and the provision for 
financial and economic aid where necessary. 

Legislation, law enforcement and litigation, however, can be potent 
factors in helping to correct abuses due to waste products of necessary 
industries. The magnitude of the problem is indicated by the estimate 
that an expenditure on the part of American municipalities and indus- 
try of approximately 2 billion dollars a year over a period of 10 or 20 
years would be necessary to abate the more objectionable pollution. 

Whenever industrial wastes pollute the soil, atmosphere or water 
so as to cause harm or annoyance to individuals they constitute a nui- 
sanee. The corporation creating the nuisance is legally liable. A per- 
son who has been harmed or whose property has suffered damage may 
(1) bring suit for damages against the person or corporation responsi- 
ble for the nuisance; (2) go into a court of equity and secure an injunc- 
tion against the continuation of the nuisance; (3) take steps to abate 
the nuisance. The same principles of liability apply to municipalities 
or quasi-municipal corporations created by legislative enactment for 
specific purposes. 

When industrial wastes become a public nuisance the court may 
order its abatement at the behest of the state or one of its political sub- 
divisions. The person or corporation responsible for the nuisance may 
be liable to criminal prosecution and penalty for violation of a law pro- 
hibiting pollution by industrial wastes. When the nuisance places pub- 
lic health in immediate jeopardy, public authorities may order its im- 
mediate abatement. 

The state may enact legislation to prohibit pollution of streams by 
industrial wastes. Usually such legislation is broad and enforcement 
is delegated to an appropriate administrative agency. The laws on the 
subject are deficient in many respects and vary considerably among the 
various states. Uniform and standard anti-pollution laws are very de- 
sirable. It is suggested that an advisory and coordinating agency be 
created in the Federal Government to investigate and advise the states 
how best to cope with the pollution problem. 
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UTILIZATION OF INDUSTRIAL WASTES 


By H. E. Howe anp F. J. Van ANTWERPEN 
(Page 1311) 


Industry has made significant progress in recovery of waste mate- 
rial for useful purposes. From sulfite liquors of pulp manufacture, 
aleohol, tanning compounds, adhesives, plastics, vanillin and other 
chemicals have been prepared. Calcium sulfite has been recovered and 
re-used and the liquor itself has been used in some instances to replace 
up to 40 per cent of the fatty acid in soap manufacture. From the black 
liquor of the alkaline process, activated carbon has been recovered. 
Quicklime is recovered and re-used from the sulfate process. White 
water has been ‘‘bottled up’’ and the fibres recovered by settling, filtra- 
tion or flotation methods and returned to the process. 

In addition to the usual products of destructive distillation, the wood 
industry and tan extract manufacturers have found it profitable to 
press sawdust into logs for fireplaces and to grade and briquette char- 
coal for fuel. The gases from the distillation processes have been col- 
lected and used as fuel at the plant. 

Pickling liquor from iron and steel works is still a vexing problem. 
Some liquor has been used to recover copperas and ‘‘Ferron’’ has been 
prepared. However the volume of this waste is so large and com- 
mercial uses for the products recovered so small by comparison that 
little progress can be considered made in disposal of this waste. 

By amalgamation, cyanidation and flotation methods, profitable 
amounts of gold have been recovered from the waste heaps of gold 
mining works. Cadmium is now a by-product of zine smelting and 
selenium is recovered from the wastes of copper refineries. Tin is pre- 
cipitated from spent weighting liquors and recovered for use again in 
textile weighting. Arsenic is recovered from gases of smelters. Min- 
eral ‘‘wools,’’ railroad ballast, sewage trickling filters, and agricultural 
phosphorus are obtained from blast furnace slag either by using the 
slag itself or by processing it. 

Gases from petroleum cracking process have become the raw mate- 
rial for a long list of solvents and other chemicals. These same gases 
have been collected and bottled to be sold as fuel. 

Carbon dioxide from fermentation processes has become an impor- 
tant source of dry ice. 

Dusts collected by the Cottrell process have yielded products valu- 
able in the manufacture of cement and abrasives for silver polishing. 

Sewage sludge has yielded valuable fertilizer and gas for heating 
and power purposes. 

Agricultural products once considered waste are being converted 
into valuable products. From surplus and skimmed milk which for- 
merly found its way into the sewers or streams, casein and cattle feed 
is recovered. Other ‘‘waste’’ products are now yielding valuable 
building materials, plastics, chemicals and oils. 
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Packing plants now produce important medicinals from livers and 
glands. Eviscerated fish are converted into fish meal, glue and other 
products. Spent grain is recovered by distillers and processed for cat- 
tle feed. Ammonia and phenol are by-products of coking plants. 
Glycerol is a valued product of soap manufacture. 

Other industries recover innumerable other products but much still 
remains to be done with wastes, many of which cause real nuisance in 
the air and streams of the country. 





WASTE PROBLEMS IN THE PULP AND 
PAPER INDUSTRY 


By Harvey J. SKINNER 
(Page 1331) 


Waste sulfite liquors result from the cooking of wood with bisulfites 
of lime and magnesia. About half the original wood in the form of 
lignin and other non-cellulosie constituents together with some chemi- 
cals remain in the waste liquor. The most outstanding development 
in utilizing this waste and in reducing stream pollution is the Howard 
process developed by G. C. Howard of the Marathon Paper Co. Con- 
trolled precipitation with lime results first in the precipitation of cal- 
cium sulfite which is used in preparing new acid. Further treatment 
with lime results in the precipitation of the basic calcium salt of lignin 
sulfonic acid which can be used as fuel or as a raw material for prepa- 
ration of a series of supplemental products. A third step, consisting 
of a short pressure cooking treatment, may be employed to remove the 
small amount of lignin remaining in the effluent. This permits a com- 
paratively innocuous effluent to be discharged into the streams. 

Other attempts to use sulfite liquors as a source of alcohol or by 
evaporation as a source of fuel have been too costly for practical use. 

In soda and sulfate mills, wood is cooked either in caustic soda or 
in a mixture of caustic soda and sodium sulfate. The waste liquor 
containing half the original wood is evaporated and the organic residue 
burned leaving the original chemicals available for use. Approxi- 
mately 85 to 90 per cent of the chemicals used are recovered. 

The large amount of fiber, amounting to as much as 20 per cent of 
the weight of paper produced, which was formerly lost in the white 
water has been reduced by the use of save-alls and by a ‘‘bottling up”’ 
process to only one per cent in well operated plants. The result has 
been a double saving to the industry, through recovery of the fiber and 
re-use of water, and a lessening of the burden on the streams. 

Waste problems are also introduced by strawboard manufacture 
and processes using rags and waste paper, for which satisfactory solu- 
tion has yet to be found. 
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WASTE PROBLEMS IN THE FERMENTATION 
INDUSTRY 


By C. S. Borurr 
(Page 1335) 


Brewers wastes are composed of the liquid pressed from wet grains, 
liquid from yeast recovery operations and wash waters from brew fer- 
mentation, stor age and bottling departments. The combined waste has 
a population equivalent of about 15 to 25 persons per barrel and is too 
dilute to justify recovery and drying. It is disposed of through diges- 
tion with secondary aerobic stabilization. 

Yeast wastes containing 3 per cent solids are most feasibly treated 
by digestion followed by trickling filters. 

Still wastes from alcoholic fermentation of molasses contain about 
5 per cent solids and have a 5-day B.O.D. of approximately 22,000. At 
the present time these wastes are concentrated in multiple-effect evapo- 
rators and burned. The ash is sold for its K.O content, 33 per cent. 
Small quantities of these slops are concentrated and sold to poultry and 
stock feed processors as a source of vitamin G. 

Distillery slops contain 4.75 to 6.0 per cent solids and have a B.O.D. 
concentration of 15,000 to 20,000 p.p.m. The thin slops are evaporated 
after centrifuging and filtering and the concentrated material containing 
40 to 70 per cent solids returned to the dried spent grain and disposed 
of as stock feed. 

The fermentation industries no longer contribute heavy pollution 
loads to streams and sewage plants. Bottling up processes have made 
it possible to recover much of this waste and that too weak to justify 
recovery is stabilized at the plant or in municipal treatment works. 





INDUSTRIAL WASTES FROM EQUIPMENT MANU- 
FACTURER’S VIEWPOINT 


By C. L. KNow es 
(Page 1338) 


A billion dollars or more worth of equipment will be necessary to 
eliminate stream pollution caused by industry. The necessary equip- 
ment is already in use by sanitary and metallurgical engineers and it 
is necessary only to apply it intelligently to meet the needs of indus- 
trial waste treatment. 

Several plans of classifying wastes have been proposed: (1) accord- 
ing to the nature of the waste (organic, toxic or inert) ; (2) according to 
source of difficulty (inert waste producing beds and bars which tend to 
block waterways; wastes which produce color or turbidity and are of- 
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fensive to city or state authorities; wastes which require B.O.D. correc- 
tion, bacterial elimination, etc.); (8) according to type of treatment 
(physical, chemical, biological or any combination of them). 

Each waste treatment problem must be treated as distinct and sepa- 
rate. Careful study must be given by competent sanitary, chemical and 
metallurgical engineers. 





WASTES OF A CHEMICAL COMPANY 


By I. F. Hartow 
(Page 1346) 


Wastes produced by the Dow Chemical Co. are divided into non- 
hazardous, brine, taste and odor producing, phenolic, and sediment 
bearing. 

The non-hazardous wastes are mainly condenser waters from evapo- 
ration processes and seldom contain pollutional matter. 

Brine wastes amounting to some 26,000 barrels are impounded and 
released during periods of high water flow into the Saginaw River. 

Taste and odor producing wastes other than phenolic are impounded 
for cooling and clarification and re-used for quenching and gas secrub- 
bing purposes. 

Phenolic wastes are treated biologically on slag filters after clari- 
fication in a settling tank. The filter effluent is impounded to permit 
further biologic action. Wastes are reduced from as high as 30 p.p.m. 
to 0.05 p.p.m. 

Wastes carrying sediment or wastes which may produce precipitates 
after mixing are impounded in shallow ponds where the solids settle 
out and oxygen is absorbed by the effluent before discharge. 





BIOLOGICAL PROCESSES FOR TREATING WASTES 


By A. M. BusweEtu 
(Page 1349) 


Biologic processes are fundamentally (1) aerobic or (2) anaerobic 
processes. The character of the solids and the gases produced are dis- 
tinctly different in each case. Aerobic processes produce carbon di- 
oxide and the hydrogen is converted to water. The solids are largely 
microbial protoplasm together with colloidal and suspended material 
caught on the biological jelly. The anaerobic process yields methane 
and carbon dioxide with a small amount of hydrogen. The resulting 
solids are a humus-like, practically inert material. 
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The choice between the two processes depends on the particular 
problem. The anaerobic process is cheaper per pound of organic mat- 
ter stabilized. Anaerobic digestion of milk followed by treatment of 
the effluent on trickling filters was accomplished at a total cost of $8.70 
per pound as compared with $116.80 on trickling filters alone. 

Anaerobic processes are limited by the fact that (1) the quality of 
the effluent is not comparable to that produced by aerobic processes and 
(2) the cost of treating weak solutions is very high due to large tank 
space required. 

Aerobie processes are carried out on trickling filters and in acti- 
vated sludge tanks. The quality of the effluent is usually excellent. 
However, this process is unable to handle concentrated wastes without 
previous dilution of the raw waste with treated effluent. A combina- 
tion of the anaerobic with the aerobic processes has been worked out 
for handling distillery wastes which shows promise of success. 

Anaerobic digestion processes have been developed for treating 
coarse solids. 

Phenolic wastes can be treated by either process unless they are 
introduced in excessive quantities. 





TREATMENT OF LIQUID WASTES FROM THE 
TEXTILE INDUSTRY 


By C. R. Hoover 
(Page 1352) 


If the natural-fiber textile industry is to avoid stringent regulation 
of all wastes discharged into streams, it must accept the fact that waste 
treatment is a legitimate part of the manufacturing process. The dif- 
ferent means of treatment open to investigation are: (1) Dilution in the 
stream which present trends indicate must decrease in the future. (2) 
Equalization or mixing. This allows opportunity for dilution, regula- 
tion of flow, and mutual neutralization and precipitation reactions. 
This simple expedient often overcomes any opposition to acceptance of 
the waste into the municipal plant. (3) Storage. <A large portion of 
the solids is removed and the liquor partially stabilized. Cooling is 
necessary prior to further treatment by chemical or biological proc- 
esses. (4) Aeration. Emulsions are converted into removable scum. 
Aeration effects chemical oxidation. (5) Mechanical separation. This 
includes separation in tanks, centrifuges and other mechanical means. 
(6) Coagulation. Chemical precipitation of wastes indicates that fer- 
ric and ferrous sulfate, aluminum sulfate and aluminum sulfate in com- 
bination with ferric sulfate, chlorinated copperas and ferric chloride, 
activated carbon, sodium aluminate, clays and sodium silicate are ef- 
fective in the order named. Disposal of sludge from coagulation proc- 
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esses is a major problem. (7) Biological action. The most effective 
‘manner of treating by biological action was by means of bio-aeration or 
trickling filters. Coke ballast showed a slight advantage over other 
filter media and also had the advantage that it could be disposed of by 
burning under the plant boiler. 
Two typical layouts for textile waste treatment plants are shown. 





WASTE PROBLEMS IN THE PETROLEUM INDUSTRY 


By J. Bennett Hin 
(Page 1361) 


Oil in liquid refinery wastes is removed in a specially designed grav- 
ity separator after treatment of chemical wastes and breaking of per- 
manent emulsions. Sulfuric acid is recovered from acid sludges for 
re-use in the refining processes and spent soda sludges are neutralized 
and then steamed or boiled to remove hydrogen sulfide and mercaptans. 
The final liquor is free from undesirable constituents and may be dis- 
charged with other refinery effluents. 

No oily fractions offer a disposal problem since they have value as 
a fuel. Research is being directed, however, toward recovering more 
profitable substances from some of these waste materials. 





WASTE PROBLEMS OF THE IRON AND 
STEEL INDUSTRY 


By Wriiuarp W. Hopce 


(Page 1364) 


Liquid steel mill wastes which at times have found their way into 
the streams or the municipal treatment plant originate as flue dust, 
spent pickle liquor, oil and grease, ammonia liquors, and phenolic liq- 
uors. 

Pollution by flue dust has been appreciably reduced by installation 
of mechanically cleaned settling tanks and rotary filters. The dust is 
sintered and returned to the furnace for recovery of its iron content. 

Liquid wastes from the coking processes are treated for recovery 
of ammonium compounds. The tar produced is treated to produce a 
large number of chemical products and medicinals. Processes have 
been developed to remove taste producing phenols and phenolic com- 
pounds. 

Disposal of waste pickle liquor offers a serious problem. . It is esti- 
mated that from 500 to 800 million gallons of waste liquor is produced 
annually for which no adequate method of treatment has been found. 














402 SEWAGE WORKS JOURNAL March, 1940 


Efforts have been made to dispose of this waste by pumping (1) into 
deep wells, (2) limestone caves, (3) abandoned mines, (4) exhausted 
oil and gas sands, (5) evaporation ponds, (6) sand and gravel sumps, 
(7) sewers discharging into streams or other body of water. The waste 
has also been partially treated before discharge into streams by (1) 
treating with enough lime to neutralize the acid, (2) with excess lime 
to precipitate the iron as hydroxide, (3) by other methods of neutraliza- 
tion with limestone, marl, scrap iron, ete. 

A large number of processes have also been developed and patented 
for recovering useful products from pickle liquor. They may be classi- 
fied as follows: (1) manufacture of copperas: (FeSO,.7H.O) or sidero- 
tilate (FeSO,.5H.O), (2) copperas and free sulfuric acid, (3) ferrous 
sulfate monohydrate and free sulfuric acid, (4) electrolytic iron and 
sulfuric acid, (5) iron oxide for paint pigment or polishing rouge, (6) 
ferric sulfate and sulfuric acid, (7) sulfuric acid and iron oxide, (8) 
‘‘Ferron,’’ (9) ammonium sulfate and iron oxide, sulfide or carbonate, 
(10) miscellaneous processes for making other inorganic compounds. 

A discussion of each of the above processes with principal reactions 
is given. Recovery processes have been retarded by high costs of in- 
stallation, equipment, maintenance and operation due to the corrosive 
nature of the material. Lack of anything like adequate markets for the 
products produced also tends to retard installation of recovery proc- 


esses. 


E. Hurwirz 
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“Sewers and Sewage Treatment,” p. 11. 
“Sewage Screening at St. Petersburg, Fla.” pp. 53-54. 
“Sludge Dewatering Filters. Maintenance and Lubrication.” Ward H. Pitkin, 


oO 


pp. 55-56. 
“ Pay-as-You-Go Sewage Disposal and Park Programs.” Harry D. Freeman, 
p. 81. 


Engineering News-Record. Volume 120 
June 2, 1938. 
“Notes on Sewage Disposal.” Willem Rudolfs, p. 784. 
June 9, 1938. 
“Green Bay Ends Sewage Pollution.” Jerry Donohue, pp. 815-818. 
June 23, 1938. 
“Lansing Pioneers in Garbage Digestion,” pp. 878-880. 


Engineering News-Record. Volume 121 
July 7, 1938. 
“ A New English Development in Activated Sludge Treatment,” p. 26. 
“ Notes on Sewage Disposal.” Willem Rudolfs, p. 34. 
August 4, 1938. 
“ Notes on Sewage Disposal.” Willem Rudolfs, p. 158. 
August 11, 1938. 
“ A Picture of Pollution in the Hudson.” C. J. Velz, pp. 181-183. 
August 18, 1938. 
“ Cleaning-Up the Great Lakes.” E. J. Cleary, pp. 197-201. 
August 25, 1938. 
“Chlorination Controls Bulking Sludge,” p. 242. 
September 1, 1938. 
“Notes on Sewage Disposal.” Willem Rudolfs, p. 280. 


* Completion of the year, 1938. For preceding part of year see THIS JOURNAL, Volume 
X, pp. 808-811. . 
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September 8, 1938. 
“Treatment of Industrial Wastes” (Wisconsin Studies), p. 291. 
“Tools for Sanitary Research.” Gordon M. Fair and Edward W. Moore, pp. 
297-300. 
September 15, 1938. 
“Tackling Textile Wastes,” pp. 321-322. 
October 6, 1938. 
“ Suggestions on Sludge Pumping,” pp. 445. 
“Notes on Sewage Disposal.” Willem Rudolfs, p. 446. 
October 27, 1938. 
“ Alloy Steels in Sewage Disposal Plants,” pp. 524-527. 
November 3, 1938. 
“Notes on Sewage Disposal.” Willem Rudolf, p. 568. 
December 1, 1938. 
“Sewer Rental Practice,” pp. 702-703. 
“ Notes on Sewage Disposal.” Willem Rudolfs, p. 714. 
December 8, 1938. 
“Problems of a Disposal Plant,” pp. 731-732. 
December 15, 1938. 
“Sewage Disposal in Sandy Soil.” E. Sherman Chase. 
December 29, 1938. 
“Trrigation with Sewage,” p. 821. 





Municipal Sanitation. Volume 9 





June, 1938. 
“ Sludge Gas Engines Supply Power to Toledo Sewage Plant.” A. H. Niles, pp. 
294-297. 
“ New Experiments in Ferrie Chloride Generation.” Charles D. Yaffe, pp. 298- 
299. 
July, 1938. 
“ Biochemical Process Treats Dairy Wastes.” Research Staff, Guggenheim 
Brothers, pp. 333-336. 
“ Sewage-Refuse Plant Adds to Winfield, Kansas, Public Utilities,” pp. 337-338. 
“The Minneapolis-St. Paul Sewage Treatment Works.” George J. Schroepfer 
and C. C. Wilbur, pp. 341-354. 
“Law of Sewage Disposal.” Leo T. Parker, pp. 363-364. 
August, 1938. 
“Waste Treatment in Industrial New England.” Robert Spurr Weston, pp. 384- 


387. 

“ Sewage Aerator Performance Survey at Evansville, Indiana, State Hospital,” p. 
387. 

“ Floceulation, Clarification and Chlorination for Ypsilanti.” W. R. Drury, pp. 
388-398. 


“ Sewage Works Maintenance Pays. I. Maintenance of Sewage Screens.” lL. M. 
Johnson, pp. 390-394. 

September, 1938. 

“ River Flushing Sweeps Industrial Sludge from Scoured Holes.” John B. Haw- 
ley, pp. 424427. 

“Sewage Works Maintenance Pays. II. Maintenance of Sewage and Sludge 
Pumps.” lL. M. Johnson, pp. 428-431. 

“ Buffalo Project Protects International Waters.” Paul Hansen, pp. 433-451. 

tober, 1938. 

“A Decade of Sewage Treatment.” Charles Gilman Hyde,- pp. 480-484. 

“Through the Eyes of State Sanitary Engineers,” pp. 485-490. 

“Sewage Works Maintenance Pays. III. Dependable Sewer Maintenance.” L. 

M. Johnson, pp. 491-494. 
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November, 1938. 
“Solving the Ward’s Island Scum Problem,” pp. 522-523. 
“U. §. Bureau of Mines Warns Against Explosions in Sewers and Manholes,” 
p. 523. 
“Through the Eyes of State Sanitary Engineers,” pp. 526-528. 
“Sewage Works Maintenance Pays. IV. Settling Tank Mechanisms.” L. M. 
Johnson, pp. 529-532. 
December, 1938. 
“Grit Washing and Separation at the Indianapolis Plant.” R. D. Nichols and 
S. L. Tolman, pp. 564-566. 
“ Automatic Gas Heating Equipment Design.” M. A. Combs, pp. 568-571. 
“Through the Eyes of State Sanitary Engineers,” pp. 573-574. 
“Sewage Works Maintenance Pays. VV. Corrosion of Metals and Protective Cov- 
erings.” L. M. Johnson, pp. 575-578. 


Public Works. Volume 69 
June, 1938 (No. 6). 
“ Separation of Solids from Liquids in Sewage Treatment.” S. I. Zack, pp. 11-13. 
“Recent Work at the Lawrence Experiment Station,” p. 16. 
“ Building Trunk Sewers and Sewage Treatment Plant.” C. E. Rice, p. 21. 
“ Recommended Operation of Sludge Digestion Tanks,” p. 25. 
“Sewage Treatment for Greater Winnipeg,” pp. 32-33. 
July, 1938 (No. 7). 
“Design and Operation of an Institutional Sewage Treatment Plant.” B. A. 
Pope and P. J. Kleiser, pp. 23-24. 
“ Suggestions for Primary Sludge Pumping,” p. 26. 
“ A New Stage in Illinois River Pollution Abatement,” pp. 34-35. 
“The Digestion Tank,” pp. 44-47. 
August, 1938 (No. 8). 
“ Safety in Maintaining Sewers and Sewage Treatment Plants.” Le Roy W. Van 
Kleeck, pp. 20-22. 
“ Financing Sewage Disposal by Charges for Sewerage Service.” Carl W. Frank, 
pp. 27-29. 
“Treating Sewage Containing Pickling Wastes,” p. 29. 
“The Digestion Tank,” pp. 37-39. 
September, 1938 (No. 9). 
“A Year’s Experience with Chemical Precipitation.” John W. Hood, pp. 15-16. 
“The Digestion Tank,” pp. 30-33. 
“The Operation of Sewage Treatment Plants.” W. A. Hardenbergh and Con- 
sulting Staff, pp. 39-64. 
October, 1938 (No. 10). 
“ A Year’s Experience with Chemical Precipitation.” John W. Hood, pp. 13-15. 
“ Safety in Maintaining Sewers and Sewage Treatment Plants.” Le Roy W. Van 
Kleeck, pp. 21-22. 
“The Sewerage Digest,” pp. 46-49. 
November, 1938 (No. 11). 
“Designing a Grit Removing Plant.” A. Russell Vollmer, pp. 9-11. 
“Hartford Metropolitan District Sewage Treatment,” p. 22. 
“The Sewerage Digest,” pp. 36-37. 
December, 1938 (No. 12). 
“ Four-State Agreement on Delaware River Pollution,” pp. 9-10. 
“ What High-Rate Trickling Filters Are and Do,” pp. 17-18. 
“The Sewerage Digest,” pp. 41-45. 





Water Works and Sewerage. Volume 85 
May, 1938. 
“ Selection and Use of Copper Alloys in Water Works and Sewerage Practices.” 
N. W. Mitchell, pp. 555-559. 
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June, 1938. 
“The Clayton Sewage Treatment Plant of Atlanta.” M. T. Singleton, pp. 607-612. 
“Trituration of Sewage Screenings.” William W. Watkins, pp. 622-624. 
July, 1938. 
“Sludge Filtration.” A. L. Genter, pp. 691-694. 
“*Dude Ranch Capital’ Goes in for Sewage Treatment.” John A. Carollo, pp. 
707-708. 
“Trickling Filters: Low Rate-High Capacity vs. High Rate-Low Capacity.” J. 
A. Montgomery, pp. 709-712. 
“ Dissolved Oxygen: Determination and Importance in Activated Sludge Process.” 
H. Heukelekian, pp. 715-719. 
August, 1938. 
“The Sewer Rental Method of Sewerage Financing.” Robert A. Allton, pp. 758- 
760. 
“Sewage Sludge Incineration.” E. J. Killam, pp. 777-781. 
“ Laboratory and Field Studies on Chlorine Demand of Sewage.” G. E. Symons, 
G. E. Terhoeven and W. L. Torrey, pp. 789-795. 
“Tron Pickling Wastes in Sewage.” Charles F. Hauck, p. 796. 
September, 1938. 
“ Developing a Sewer Rental Plan.” Robert A. Allton, pp. 852-854. 
“First Activated Sludge Plant in Louisiana.” J. M. Fourmy, pp. 859-862. 
“ High-Rate Trickling Filter at Bedford, Iowa.” C. Maxwell Stanley, pp. 891- 
894. 
“Maintenance and Operation of an Engineering Library.’ 
902-904. 
October, 1938. 
“ Design and Operation of Topeka Activated Sludge Plant.” T. R. Haseltine, pp. 
971-977. 
“Reduction of Bacteria in Sewage by Chlorination.” G. E. Symons, R. W. Simp- 
son and Wm. L. Torrey, pp. 983-989. 
“Venturi Metering Equipment in Modern Sewage Works.” Robert J. Regester, 
pp. 990-992. 
November, 1938. 
“ Biochemical Treatment for Anderson, Indiana.” Russell B. Moore, pp. 1029- 
1034. 
“ Bio-Flocculation at the New Brunswick, N. J., Sewage Plant.” Harry W. Gehm, 
pp. 1072-1074. 
December, 1938. 
“Degreasing Sewage.” Gordon J. Wiest, pp. 1103-1107. 
“The Disposal of Waste-Activated Sludge.” <A. J. Fischer, pp. 1129-1130. 
“ Another Sewage Plant Explosion.” M. W. Tatlock, pp. 1150-1151. 


’ 


Ruth Canavan, pp. 





Federation of Sewage Works Associations 





OFFICERS OF LOCAL ASSOCIATIONS 


Arizona Sewage and Water Works Association 
President: Phil. J. Martin, Jr., Tucson. 
First Vice-President: George M. Burgett, Prescott. 
Second Vice-President: Marshall M. Roach, Phoenix. 
Secretary-Treasurer: F. C. Roberts, Jr., Phoenix. 
Representatives, Board of Control: John A. Corollo, Phoenix; A. L. Frick, Jr., Los 
Angeles, Cal. 


California Sewage Works Association 

President: Harold G. Smith, Los Angeles. 

First Vice-President: Harold F. Gray, Berkeley. 

Second Vice-President: Fred D. Bowlus, Los Angeles. 

Secretary-Treasurer: William T. Ingram, Stockton. 

Directors: J. F. Byxbee, Palo Alto; H. W. Jewell, Los Angeles; B. D. Phelps, San 
Diego; C. F. Tennant, Long Beach; Alexander Bell, San Francisco. 

Representatives, Board of Control: A. C. Beyer, San Francisco; Charles G. Hyde, 
Berkeley. 


Central States Sewage Works Association 

President: B. A. Poole, Indianapolis, Ind. 

First Vice-President: C. C. Larson, Springfield, Ill. 

Second Vice-President: George Martin, Green Bay, Wis. 

Past President: George J. Schroepfer, St. Paul, Minn. 

Secretary-Treasurer: W. H. Wisely, Springfield, Ill. 

Representatives, Board of Control: W. W. DeBerard, Chicago, Ill.; Jas. Ferrebee, 
Milwaukee, Wis. 


Dakota Water and Sewage Works Conference 
NortH Daxota SECTION 
President: Wm. J. Nordley, Edgeley. 
Vice-President: George G. Doorley, Bismarck. 
Secretary-Treasurer: Lloyd K. Clark, Bismarck. 
Directors: William Yegen, Bismarck; C. S. Child, Minneapolis. 


SoutH DaKxota SECTION 

President: Chas. R. Price, Rapid City. 

Vice-President: Leland Bradney, Sioux Falls. 

Secretary-Treasurer: W. W. Towne, Pierre. 

Representatives, Board of Control: Lloyd K. Clark, Bismarck, N. D.; W. W. Towne, 
Pierre, 8. D. 


Federal Sewage Research Association 

President: L. C. Frank, Washington, D. C. 

Vice-President: C. C. Ruchhoft, Cincinnati, Ohio. 

Secretary-Treasurer: C. T. Carnahan, Cineinnati, Ohio. 

Members, Executive Committee: R. E. Tarbett, Washington, D. C.; M. LeBosquet, 
Jr., Cineinnati, Ohio. 

Representatives, Board of Control: A. P. Miller, New York City; F. J. Maier, New 
York City. 
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Georgia Water anad Sewage Association 

President: Clark W. Jones, Dalton. 

First Vice-President: J. C. Boesch, Jr., Silvertown. 

Second Vice-President: Geo. H. Sparks, East Point. 

Secretary-Treasurer: Paul Weir, Atlanta. 

Representatives, Board of Control: Gilbert R. Frith, Atlanta; Lewis Simonton, 
Griffin. 

Iowa Wastes Disposal Association 

President: Elmer E. Dye, Mason City. 

Vice-President : George C. Ahrens, Des Moines. 

Secretary-Treasurer: Lindon J. Murphy, Ames. 

Directors: T. R. Lovell, Fort Dodge; John C. McIntyre, Fort Dodge. 

Representatives, Board of Control: Karle L. Waterman, Iowa City; Max Levine, 
Ames. 

Kansas Water and Sewage Works Association 

President: Robert Peart, Sterling. 

Vice-Presidents: Levi B. Smith, Paola; F. W. Sieker, Yates Center; Wm. O’Day, 
Coffeyville; Warren Johnson, Wichita. 

Secretary-Treasurer: Earnest Boyce, Lawrence. 

Representatives, Board of Control: Robert Peart, Sterling; Earnest Boy¢e, Lawrence. 


Maryland-Delawaware Water and Sewerage Association 

President: A. M. Tawney, Fort George G. Meade, Md. 

First Vice-President: G. EK. Harrington, Washington, D. C. 

Second Vice-President: J. M. Jester, Hyattsville, Md. 

Secretary-Treasurer: A. W. Blohm, Baltimore, Md. 

Executive Commitiee: Clarke Gardner, Salisbury, Md.; E. C. Cromwell, Colgate, 
Md.; R. J. Stewart, Edgewood, Md.; W. Compton Wills, Wilmington, Del.; C. J. Bruce, 
Cumberland, Md., ex-officio. 

Representatives, Board of Control: Harry R. Hall, Hyattsville, Md.; Abel Wolman, 
Baltimore, Md. 

Michigan Sewage Works Association 

President: Allan Kronbach, Monroe. 

Vice-President: Harold Smith, Alma. 

Secretary-Treasurer: W. F. Shephard, Lansing. 

Directors: L. F. Oeming, Lansing; Robert Musgrove, Grand Rapids; Harland P. 
Dodge, Ann Arbor. 

Representatives, Board of Control: N. G. Damoose, Battle Creek; EK. F. Eldridge, 
East Lansing. 

Missouri Water and Sewerage Conference 

Chairman: Edward Myers, Maryville. 

Vice-Chairman: John Allgeyer, St. Louis. 

Secretary-Treasurer: W. A. Kramer, Jefferson City. 

Executive Committee: George Russell, St. Louis; W. E. Barnes, Liberty; Cleo Brown, 
Harrisonville; Frank Turner, Cameron; J. A. Sweem, Hamilton. 

Representatives, Board of Control: George Russell, St. Louis; W. Scott Johnson, 
Jefferson City. 

New England Sewage Works Association 

President: Arthur D. Weston, Boston, Mass. 

First Vice-President: W. P. Petrie, South Norwalk, Conn. 

Second Vice-President: Walter J. Shea, Providence, R. I. 

Secretary-Treasurer: LeRoy W. Van Kleeck, Hartford, Conn. 

Directors: J. A. Muldoon, Bridgeport, Conn.; Clarence F. Lamb, Providence, R. I.; 
Harold L. Brigham, Marlboro, Mass. 

Representatives, Board of Control: F. W. Gilereas, Albany, N. Y.; LeRoy W. Van 
Kleeck, Hartford, Conn. 















y 











Vol. 12, No. 2 FEDERATION OF SEWAGE WORKS ASSOCIATIONS 





New Jersey Sewage Conference 
Chairman: Willem Rudolfs, New Brunswick. 
Vice-Chairman: Asher Atkinson, New Brunswick. 
Secretary: Richard C. Smith, Glen Ridge. 

Treasurer: Willem Rudolts, New Brunswick. 
Representatives, Board of Control: Willem Rudolfs, New Brunswick; Richard C. 
Smith, Glen Ridge. 


New York State Sewage Works Association 

President: C. George Andersen, Rockville Centre. 

Vice-President: Herbert H. Wagenhals, Syracuse. 

Secretary-Treasurer: Arthur S. Bedell, Albany. 

Assistant Treasurer: J. C. Brigham, Albany. 

Executive Committee: C. G. Andersen, Rockville Centre; Rodney E. Cook, River- 
head; Lewis V. Carpenter, New York City; Henry Ryon, Albany; Channel Samson, 
Kenmore; Joseph E. Rehler, Olean; William KE. Stanley, Ithaca; H. H. Wagenhals, 
Syracuse; Robert C. Wheeler, Albany. 

Advisory Member: N. L. Nussbaumer, Buffalo. 

Representatives, Board of Control: N. L. Nussbaumer, Buffalo; A. S. Bedell, Albany. 


North Carolina Sewage Works Association 
President: George S. Moore, Albermarle. 
Vice-President: Robert W. Luther, Elizabeth City. 
Secretary-Treasurer: R. S. Phillips, Durham. 
Representatives, Board of Control: H. G. Baity, Chapel Hill; W. M. Piatt, Durham. 


Ohio Sewage Works Conference Group 
President: C. D. McGuire, Columbus. 
Vice-President: Floyd G. Browne, Marion. 
Secretary-Treasurer: Frank Woodbury Jones, Cleveland. 
Representatives, Board of Control: C. D. McGuire, Columbus; Frank Woodbury 
Jones, Cleveland. 


Oklahoma Water and Sewage Conference 
President: Elmer Edge, Shawnee. 
Vice-President: LeRoy H. Scott, Oklahoma City. 
Secretary-Treasurer: H. J. Darcey, Oklahoma City. 
Representatives, Board of Control: Earl N. Benedict, Hobart; H. J. Darcey, Okla- . 
homa City. 


Pacific Northwest Sewage Works Association 
President: W. P. Hughes, Lewiston, Idaho. 
First Vice-President: A. D. Butler, Spokane, Wash. 
Second Vice-President: C. V. Signor, Grants Pass, Oregon. 
Secretary-Treasurer: Fred Merryfield, Corvallis, Oregon. 
Representatives, Board of Control: W. I. Leonard, Boise, Idaho; John W. Cunning- 
ham, Portland, Oregon. 


Pennsylvania Sewage Works Association 

President Emeritus: Elton D. Walker, State College. 

President: G. M. Olewiler, Ardmore. 

First Vice-President: G. P. Searight, Carlisle. 

Second Vice-President: E. B. Swinehart, Pottstown. 

Secretary-Treasurer: L. D. Matter, Wilkes-Barre. 

Editor: J. R. Hoffert, Harrisburg. 

Representatives, Board of Control: C. A. Emerson, Jr., New York City; H. E. Moses, 
Harrisburg. 
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Rocky Mountain Sewage Works Association 
President: L. O. Williams, Cheyenne, Wyoming. 
Secretary-Treasurer: Dana E. Kepner, Denver, Colorado. . 
Directors: Eugene Howell, Denver, Colorado; J. E. Amend, Brighton, Colorado. 
Representatives, Board of Control: Paul 8. Fox, Santa Fe, New Mexico; Chas. A. 

Davis, , Denver, Colorado. 






Sanitary Engineering Division of the Argentine Society of Engineers 
(Argentina) 
President: Carlos J. Forn, Buenos Aires. 
Secretary-Treasurer: Carlos 8. Rossell, Buenos Aires. 
Representatives, Board of Control: E. B. Besselievre, Buenos Aires; Carlos J. Forn 
Buenos Aires. 
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Sewage Division, Texas Section, S. W. W. A. 
President: A. G. Classen, El Paso. 
First Vice-President: D. B. Dickson, Wichita Falls. 
Second Vice-President: S. C. Clark, San Benito. 
Third Vice-President: M. J. Salmon, Commerce. 
Fourth Vice-President: Roy Matthews, Albany. 
Secretary: V. M. Ehlers, Austin. 
Assistant Secretary-Treasurer: Mrs. Earl H. Goodwin, Austin. 
Chairman, Certification Sewage Plant Operators: E. J. M. Berg, San Antonio. 
Chairman, Sewage Research: R. M. Dixon, Dallas. 
Representatives, Board of Control: V. M. Ehlers, Austin; W. 8S. Mahlie, Fort Worth. 





The Canadian Institute on Sewage and Sanitation 

President: W. H. Riehl, Stratford, Ont. 

Past President: W. C. Miller, St. Thomas, Ont. 

Vice-President: Stanley Shupe, Kitchener, Ont. 

Trustees: B. F. Lamson, St. Catherines, Ont.; W. L. MeFaul, Hamilton, Ont. 

Secretary-Treasurer: Albert E. Berry, Toronto, Ont. 

Representatives, Board of Control: W. H. Riehl, Stratford, Ont.; Albert E. Berry, 
Toronto, Ont. 


The Institute of Sewage Purification (England) 
President: H. C. Whitehead, Erdington. 
General Secretary: W. F. Freeborn, Hampton-on-Thames. 
Treasurer: C. H. Ball, Davyhaume. 
Secretary, Federation Affiliate: J. H. Garner, Wakefield. 
Representatives, Board of Control: J. H. Garner, Wakefield; W. F. Freeborn, 
Hampton-on-Thames. 





The Institution of Sanitary Engineers (England) 
President: D. M. Watson, London. 
Honorary Treasurer: J. W. Hammond, Romford. 
Acting Secretary: E. M. Kerry, London. 
Representatives, Board of Control: J. E. Farmer, Worthing; Arthur J. Martin, 
London. 
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Arnold, Wm. V., 433 N. 20th Ave., Phoenix, 
Ariz. 

Burgett, Geo., City of Prescott, Prescott, Ariz. 
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Homebuilders Bldg., Phoenix, Ariz. 

Cushing, Robert} 319 Homebuilders Bldg., 
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Ellis, M. V., Engineering Dept., City Hall, 
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Hatchell, Jack, Engineering Dept., City Hall, 
c/o Sewage Disposal Plant, Phoenix, Ariz. 
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Allen, Wm. A., Asst. Supt., City Hall, Pasa- 
dena, Calif. 

American Cast Iron Pipe Co., Att.: Mr. W. 
R. Blair, 55 New Montgomery St., San 
Francisco, Calif. 

Anaya, Marvin, Sanitary Engr. Designer, 367 
City Hall, San Francisco, Calif. 
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Winston St., Los Angeles, Calif. 
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MEMBERS OF FEDERATION AS OF DECEMBER 31, 1939 


Arizona Sewage Works Association 
Mr. F. C. Roberts, Jr., Secretary-Treasurer, State Board of Health, Phoenix, Ariz. 


Martin, Phil J., City Water Dept., Tucson, 
Ariz. 

Marx, George, San. Engr., P.O. Box 135, Tuc- 
son, Ariz. 

Mathis, Alice, Engineering Dept., City Hall, 
Phoenix, Ariz. 

Miller, Alden W., 1833 N. 13th Ave., Phoenix, 
Ariz, 

Pratt, H. W., P.O. Box 932, Hayden, Ariz. 

Rasmussen, George, 723 East Culver St., 
Phoenix, Ariz. 

Roach, M., 2027 E. Bellview St., Phoenix, 
Ariz. 

Roberts, F. C., Jr., State Sanitary Engineer, 
State Board of Health, State Bldg., Annex, 
Phoenix, Ariz. 

Tompkins, P. K., Ft. McDowell, Scottsdale, 
Ariz. 

Travaini, Dario, 3rd Fl., City Hall, Phoenix, 
Ariz. 

Weiland, A. A., 902 Central Ave., Safford, 
Ariz. 


California Sewage Works Association 


Box 111, Stockton, Calif. 


Arrowhead Lime & Chemical Co., 1840 E. 
26th St., Los Angeles, Calif. Att.: Ken- 
nedy Ellsworth, Vice-Pres. 

Banks, Harvey O., 803 State Bldg., Los An- 
geles, Calif, 

Banta, A. Perry, Engineer, 110 S. Broadway, 
4th Floor, Los Angeles, Calif. 

Barnard, Archer F., 601 W. 5th Street, Suit 
905, Los Angeles, Calif. 

Barstow Sanitary District, Box 418, Barstow, 
Calif., Att.: William A. Knaggs, Secy. 

Bates, John S8., Consulting Engineer, 3134 
Eton Ave., Berkeley, Calif. 

Batty, Frederic A., 745 City Hall, Los An- 
geles, Calif. 

Beale, Ed. W., Police Headquarters, Ft. of 
Market, San Diego, Calif. 

Beardsley, C. W., 1829 Park Drive E., Los 
Angeles, Calif. 
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Bell, Alexander, Pacific Coast Mgr., Wallace 
& Tiernan Co., Ine., 171 Second St., San 
Francisco, Calif. 

Bell, R. H., Operator, 1300 Pennsylvania Ave., 
Colton, Calif. 

Benas, Benjamin, City Engineer’s Office, City 
Hall, San Francisco, Calif. 

Bennett, S. G., ¢/o City Hall, Santa Paula, 
Calif. 

Beyer, A. C., Wallace & Tiernan Co., Inc., 171 
Second St., San Francisco, Calif. 

Blackman, J. W. B., City Hall, Long Beach, 
Calif. 

Bishop, H. N., P.O. Box 333, Sunnyvale, Calif. 

Bowen, M. R., 205 N. Greenleaf St., Whittier, 
Calif. 

Bowlus, Fred D., 110 8S. Broadway, 4th Floor, 
Los Angeles, Calif. 

Boxall, F. G., City Hall, Brea, Calif. 

Brown, E. L., Engineer, W.P.A., 124 N. Dil- 
lon St., Los Angeles, Calif. 

Brown, Kenneth W., 829 North Monroe St., 
Stockton, Calif. 

Brown, R. F., 745 City Hall, Los Angeles, 
Calif. 

Buck, J. H., Street Supt., 516 Santa Barbara 
St., Santa Paula, Calif. 

Buckingham, Ear] M., 96 Zinn Drive, Oakland, 
Calif. 

Burnson, Blair I., Asst. San. Engr., East Bay 
Municipality Dist., 512 16th St., Oakland, 
Calif. 

Byxbee, J. F., City Engineer, City Hall, Palo 
Alto, Calif. 

Calif. Assoc. Cone. Pipe Mfrs., P.O. Box 914, 
Fresno, Calif., Att.: H. W. Chutter, Pres. 

California Institute of Tech., Pasadena, Calif. 
Att.: Franklin Thomas, Prof. of Civil En- 
gineering. 

Castello, W. O., Supt. of Sewer Dept., City 
Hall, Sacramento, Calif. 

Castro, A. J., Jr., Plant Operator, 1303 Frank- 
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Bruden, C. O., 21 E. Gorham St., Madison, 
Wise. 

Brunner, Paul L., 1229 Swinney Ave., Fort 
Wayne, Ind. 

Bunger, Fred C., Dept. of Sanitation, Bloom- 
ington, Ind. 


Burehby, Byron A., 1537 W. Forest, Decatur, 
Til. 


Burgeson, J. H., Operator, Sewage Treatment 
Plant, 301 Anderson Blvd., Geneva, Ill. 
Burke, Martin, Jr., 1327 Sheridan Road, ¢/o 
Limestone Products Co., Menominee, Mich. 
Burlinghame, Hitchcock & Estabrook, Att.: 
Mr. Joseph B. Estabrook, 521 Sexton Build- 

ing, Minneapolis, Minn. 

Burrin, Thomas J., Sewage Treatment Plant, 
R.R. 1, Kokomo, Ind. 

Bushee, Ralph J., 1030 West Wayne St., 
Fort Wayne, Ind. 

Caccia, Pio, 528 S. Halsted St., Chicago, Ill. 

Caldwell, David H., 203 8. Cedar St., Urbana, 
TL. 

Caldwell, H. L., 803 W. College Ave., Jack- 
sonville, Ill. 

Callen, Loy A., 5245 W. Hirsch St., Chicago, 
Til. 

Calvert, C. K., 951 W. 20th St., Indianapolis, 
Ind. 

Canham, Chester H., DeWitt Nat’l. Bank 
Bldg., Clinton, Il. 

Carey, Wm. N., 420 Guardian Bldg., St. Paul, 
Minn. 

Carpenter, Carl B., 5618 Calumet Ave., Ham- 
mond, Ind. 

Casey, City of, Casey, Ill. 
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Cash, T. T., Grinnell Company, Inc., 240 7th 
Ave., S., Minneapolis, Minn. 

Caster, Arthur, City Hall, New Castle, Ind. 

Chamberlain, L. H., 836 S. Michigan Ave., 
Chicago, Tl. 

Cheadle, Wilford G., 4224 42nd 
Minneapolis, Minn. 

Clark, E. S., Bacteriologist, Div. of San. En- 
gineering, State Dept. of Public Health, 
Springfield, Il. 

Cole, Chas. W., 220 W. LaSalle Ave., South 
Bend, Ind. 

Combs, H. F., 7506 8. Vernon Ave., Apt. 2 C, 
Chicago, Ill. 

Consoer, Arthur W., Consoer, Townsend & 
Quinlan, 205 W. Wacker Drive, Chicago, Il. 

Cornilsen, C. K., Works Operator, Bloom 
Township, Sanitary District, P.O. Box 1, 
Chicago Heights, Il. 

Corr, Ray H., Supt. of Sewers, Woodstock, Il. 

Corrington, C. E., Supt., Clinton Sanitary Dis- 
trict, Clinton, Ill. 

Corrington, Kingsley, Chemist, 310 W. Mul- 
berry St., Normal, Il. 

Cotton, Harry E., Armco Culvert Mfgs. Assn., 
Middletown, Ohio. 

Cowing, Roy T., 821 Lake St., Oak Park, Ill. 

Craig, Clifford, 310 Humiston St., Pontiae, Tl. 

Craig, W. B., 1601 8th Ave., Belle Plaine, 
Towa. 

Crask, Rex, Greencastle 
Plant, Greencastle, Ind. 

Cropsey, W. H., City Engineer, S. St. Paul, 
Minn. 

Dailey, Lawrence T., 1659 Central Ave., In- 
dianapolis, Ind. 

Dallavia, Louis, Div. Public Works, City Hall, 
Duluth, Minn. 

Darling, Orin M., Cons. Civil Engr., 2615 W. 
Drive, Fort Wayne, Ind. 

Davidson, Philip, 747 N. Wabash Ave., Chi- 
cago, Ill. 

Dawson, F. M., Dean of College of Engineer- 
ing, State Univ. of Iowa, Iowa City, Iowa. 

DeBerard, W. W., Mgr., 520 N. Michigan Ave., 
Chicago, Ill. 

DeBrun, John W., Jr., Resident Engineer, 
Taylorville, Il. 

Deckert, Christ, 
Delavan, Wisc. 

DeLeuw, C. E., 20 N. Wacker Drive, Chicago, 
Til. 

DePoy, A. G., 117 6th Ave., S., 
Minn. 

Deuchler, Walter E., 63 S. LaSalle St., Aurora, 
Tl. 

Diamond Alkali Co., Att.: Clayton Hoyt, 2427 
Oliver Bldg., Pittsburgh, 22 Pa. 


Ave., S., 


Sewage Treatment 


Sewage Treatment Works, 


S. St. Paul, 
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Dick, Robert, 267 Columbia Avenue, Elmhurst, 
Til. 

Dietrich, Paul, Eagle St., Crystal Lake, II. 

Dietz, John, Plant Opr., Mundelein, II. 

Division Sanitary Engineering, Dept. Public 
Health, State House, Springfield, Ill. 

Dobbs, Melvin A., Asst. San. Engr., 325 E. 
Broadway, E. St. Louis, Il. 

Dobe, Paul C., 2231 S. 56th St., Milwaukee, 
Wise. 

Domogalla, Bernhard, Dr., City Board of 
Health, 110 N. Hamilton St., Madison, Wise. 

Donohue, Jerry, P.O. Box 489, Sheboygan, 
Wise. 

Downer, Wm. J., Dept. of Public Health, 
Springfield, Ill, 

Dudley, Charles E., Operator, Sewage Works, 
Flora, Ill. 

Duvall, Arndt J., 1509 Pioneer Bldg., St. Paul, 
Minn. 

Duy, C., 625 Lebanon St., Aurora, Ill. 

Ebaugh, G. M., 447 Standard Office Bldg., 
Decatur, Ill. 
Eliasson, Rolf, Armour Inst. of Tech., 5541 
Everett Ave., Chicago, Il. 
Ellis, Albert, Indiana State 
Castle, Ind. 

Ellis, H. D., 401 S. Cross St., Danville, Ind. 

Epler, J. E.,' Danville Sanitary District, Dan- 
ville, Tl. 

Erickson, Carl V., 312 W. Washington, Ur- 
bana, Ill. 

Everson Mfg. Co., 214 West Huron St., Chi- 
eago, Ill. 

Farries, Gerald E., 2815 Central Drive, Fort 
Wayne, Ind. 

Feltz, Fred C., Supt., Sewage Treatment 
Plant, Box 261, West McHenry, III. 

Box 1167, Milwaukee, 


yreen 


Farm, 


Ferebee, James L., 
Wise. 

Finch, Lewis S., 276 Century Bldg., Indiana- 
polis, Ind. 

Finney, Sam, 820 W. Wood St., Princeton, 
Ind. 

Fischer, Math, 516 6th Ave., S., West Bend, 
Minn. 

Fisher, Homer G., 140 W. Webster, Benton, 
Til. 

Flickinger, Lloyd H., 4419 Mayberry Ave., 
Omaha, Nebr. 

Forrest, Tom H., 3664 Tyler St., Gary, Ind. 

Forsberg, Ole, ¢/o Oliver Iron Mining Co., 
Hibbing, Minn. 

Fraser, Henry J., Aledo, Ill. 

Frazier, R. W., City Hall—Sewerage Commis- 
sion, Oshkosh, Wise. 

Freason, Anthony, Operator, Grays Lake, Ill. 
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Freeland, B. H., Supt. of Utilities, Bluffton, 
Ind. 

Freeman, Harry, 5031 N. Springfield Ave., 
Chicago, Ill. 

Fritz, John T., 50 ‘‘A’’? St. N.E., Linton, 
Ind. 

Fulmer, Frank E., 1313 Ogontz St., Sandusky, 
Ohio. 

Fulton, E. A., No. 3 S. Meramec Ave., St. 
Louis, Mo. 

Gail, A. L., 1015 St. Johns Ave., North Shore 
Sanitary Dist., Highland Park, III. 

Galva, City of, Att.: Ernest McClurd, Galva, 
Til. 

Garrison, Peter L., 1246 N. Elm St., Muncie, 
Ind. 

Gartner, Wilbur H., 1030 W. Wayne, Fort 
Wayne, Ind. 

Gerard, F. A., Asst. Civil Engr., Chicago San. 
Dist., 242 Columbia Ave., Park Ridge, Ill. 

Geupel, Louis A., City Civil Eng. and Direc- 
tor of Public Works, 531 Rockerwood Ave., 
Evansville, Ind. 

Giesey, J. K., Civil and San. Engr., 31 Lowell 
Road, Kenmore, N. Y. 

Gifford, J. B., Chemist, Sewage Disposal 
Plant, 312 W. 8th St., Michigan City, Ind. 

Ginsberg, S. D., 4749 Ingleside Ave., Chicago, 
Ml. 

Gneagy, Harold, 1709 Cypress St., Highland, 
Tl. 

Goldstein, Alexander, 
Chieago, Ill. 

Golly, M. R., District Health Office, Xenia, Ill. 

Gompf, Paul G., 1659 W. Third St., Fort 
Wayne, Ind. 

Goodman, Arnold H., 
Riverside, Ill. 

Gottschalk, Harry, 
Wayne, Ind. 

Grabbe Construction Co., H. A., 500 Belle St., 
Alton, Il. 

Greek, Edward B., Operator, 26 E. Fourth St., 
Hinsdale, Ill. 

Greeley, Samuel A., 6 N. Michigan Ave., Chi- 
cago, Il. 

Green, C. A., Barry, Ill. 

Gross, Carl D., Engr., State Dept. of Health, 
Springfield, Ill. 

Grosshans, Edward W., 508 Lake St., Bara- 
boo, Wise. 

Hageman, Roy C., 39th St. and 52nd Ave., 
Southwest Sewage Treatment Works, Cicero 
P.O., Chicago, Tl. 

Hager, Fred, Operator, 426 June Terrace, 
Barrington, Ill. 

Hagestad, Herman T., Consulting Engr., River 
Falls, Wise. 


3937 W. Adams St., 


363 Downing Road, 


617 S. Clinton, Fort 
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Hammond, Edward E., 32 Blackford Ave., 
Evansville, Ind. 

Hammerle, Max, 21 N. Walnut St., DuQuoin, 
Til. 

Haney, Joseph E., First Trust Bldg., Ham- 
mond, Ind. 

Hansen, Paul, 6 N. Michigan Ave., Chicago, 
Til. 

Hanser, Harry, 829 Ruskin Ave., Edwards- 
ville, Il. 

Hardman, Thomas T., 211 S. Center St., Terre 
Haute, Ind. 

Harmeson, D. K., San. Engr., Division of 
San. Engineering, Department of Public 
Health, Springfield, Il. 

Harmon, Jacob A., Cons. Engr., 945 Jeffer- 
son Bldg., Peoria, Ill. 

Narper, Charles E., City Light and Water 
Plant, N. 5th St., Goshen, Ind. 

Harris, George C., Sewage Treatment Works, 
Arlington Heights, II. 

Hartman, B. J., Engr., P.O. Box 489, She- 
boygan, Wise. 

Hasfurther, Wm. A., 1800 W. Fillmore, Chi- 
cago, Ill. 

Haste, J. R., Asst. Plant Opr., 521 Green St., 
Rockford, Il. 

Hatfield, W. D., Decatur Sanitary District, 
Decatur, Il. 

Hathaway, A. S., Asst. Professor in Engi- 
neering, Northwestern University, Evans- 
ton, Til. 

Hayes, Edward H., 139 S. Mayfield Ave., 
Chicago, Ill. 

Healy, Dennis L., Jr., Healy-Ruff Company, 
765 Hampden Ave., St. Paul, Minn. 

Heger, Harold, 646 N. Jefferson Ave., In- 
dianapolis, Ind. 

Heider, Robert N., 201 State House Annex, 
Indianapolis, Ind. 

Hein, Walter E., St. Charles, Il. 

Heisig, Henry M., Sewerage Commission, Box 
2079, Milwaukee, Wise. 

Hendrix, George K., 21914 W. Main St., Car- 
bondale, Il. 

Heneghan, George P., 1925 S. 54th St., Cicero, 
Tl. 

Henn, Donald E., DeKalb Sanitary District, 
922 Grove St., DeKalb, Ill. 

Henning, Bert, Operator, Sewage Treatment 
Plant, Effingham, Il. 

Hermann, Frank, 3209 39th Ave., S., Minnea- 
polis, Minn. 

Herrick, T. L., 717 N. Washington St., Park 
Ridge, Ill. 

Herzig, S. B., Renville, Minn. 

Hetherington, W. G., Operator, Sewage Works, 
211 W. Second St., Sparta, Ill. 
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Heydon, F. G., 1201 Ellsworth St., Gary, Ind. 

Hodgin, S. W., City Civil Engineer, City 
Building, Richmond, Ind. 

Hodgson, George, 237 N. Yale Ave., Villa 
Park, Il. 

Hoganson, Lester O., 485 Frederick St., Bur- 
lington, Wise. 

Holderby, J. M., Neenah Menasha Sewerage 
Comm., Menasha, Wisc. 

Holderman, John §., 22014 S. Entrance, Kan- 
kakee, Ill. 

Hoth, Fred, Bartlett, Tl. 

Howe, J. M., ¢/o Cincinnati Rubber Mfg. Co., 
808 LaSalle Ave., Minneapolis, Minn. 

Howson, L. R., Alvord, Burdick & Howson, 
Suite 1401, 20 N. Wacker Drive, Chicago, 
Til. 

Hromada, Frank M., U. S. Southwestern Re- 
formatory, El] Reno, Okla. 

Hudson, LaVerne D., State Health 
Div. of San. Eng., Springfield, Il. 
Hull, S. P., ¢/o Culligan Zeolite Co., North- 

brook, Ill. 

Hunt, L. W., Supt., Galesburg Sanitary Dis- 
trict, Galesburg, III. 

Hunter, Harry 202 Center St., West Chicago, 
Til. 

Hupp, John E., Jr., 720 Weller Ave., La 
Porte, Ind. 

Hurd, Charles H., 333 N. 
Indianapolis, Ind. 

Hurd, Edwin C., San. Engr., 5821 Washing- 
ton Blvd., Indianapolis, Ind. 

Hursting, R. C., 230 S. 5th St., Richmond, 
Ind. 

Hurwitz, Emanuel, 5017 Mozart St., Chicago, 
Til. 

Husted, Warren, Engr., 602 Insurance Ex- 
change Bldg., St. Louis, Mo. 

Hutchins, Will A., Freeport, Il. 

Indiana State Board of Health, Bureau of 
Sanitary Engineering, Att.: B. A. Poole, 
Chief Eng., 201 State House Annex, In- 
dianapolis, Ind. 

International Filter Co., 325 W. 25th Place, 
Chicago, Ill. 

Jackson, James A., 201 State House Annex, 
Indianapolis, Ind. 

Jeup, Bernard H., 2415 N. Talbott, Indiana- 
polis, Ind. 

Johnson, Floyd E., 471 Barrett St., Elgin, Ill. 

Johnson, Hugh Wade, R.R. 3, Centralia, Il. 

Johnson, Lloyd M., 910 S. Michigan Ave., 
Chicago, Il. 

Johnson, R. J., 731 Linn.St., Peoria, Il. 

Johnson, W. C., City Engineer, Belleville, Il. 

Johnson, W. T., Columbia Alkali Corp., 22 
Tribune Tower, Chicago, Ill. 


Dept., 


Pennsylvania St., 
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Jonas, Milton R., 5496 Cornell Avenue, Chi- 
cago, Ill, 

Jones, Howard H., Chief. Opr., Sewage Treat- 
ment Works, 122 N. Calumet Ave., Michi- 
gan City, Ind. 

Kafka, John, Sewage Treatment Plant, Clin- 
tonville, Wise. 

Kallas, James G., San. Dist., 39th St. and 52nd 
Ave., Cicero, Il. 

Kalste, Arthur, Operator, Sewage Treatment 
Plant, Cedar Grove, Wisc. 

Kasser, Victor H., 202 East Chicago St., 
Elgin, Illinois. 

Kempe, Lloyd L., Asst. San. Engr., Minn. 
State Dept. of Health, Dept. of Sanitation, 
University Campus, Minneapolis, Minn. 

Kewer, J. F., P.O. Box 152, Waukesha, Wisc. 

King, Henry R., 5714 Kenwood Ave., Chicago, 
Til. 

Kingsbury, Harold N., 905 2nd Ave., E., Ash- 
land, Wise. 

Kingston, Paul, Public Health Engineer, 
Minn. Dept. of Health, City Hall, Rochester, 
Minn. 

Kinney, E. F., Route 14, Box 709, Indiana- 
polis, Ind. 

Kinsey, L. B., Civil Engineer, Pekin, Ill. 

Kirchoffer, W. G., Vroman Block, Madison, 
Wise. 

Kirkpatrick, John W., 201 State House Annex, 
Indianapolis, Ind. 

Klassen, C. W., Chief San. Eng., State Dept. 
of Public Health, Springfield, Til. 

Kleiser, Paul J., Asst. Sanitary Engineer, 201 
State House Annex, Indianapolis, Ind. 

Knechtges, O., 1110 Vilas Ave., Madison, 
Wise. 

Koch, Phillip L., 947 E. Johnson St., Madi- 
son, Wise. 

Koetz, Lester, 2505 Elisha Ave., Zion, II. 

Korfmacher, John A., 3409 S. Hanna St., 
Fort Wayne, Ind. 

Kramer, Harry P., 4017 W. End Ave., Chi- 
cago, Ill. 

Kraus, L. S., Chemist, 510 Albany, Peoria, 
Til. 

Kuhl, F. A., Operator, 
Works, Breese, Ill. 
Kuhner, Frank G., N. Elm and 13th St., 

Muncie, Ind. 

Kulisch, Harry, 2918 N. Menard Ave., Chi- 
cago, IIl. 

Kutz, Chas. W., Brig. Gen. U. S. Army, Re- 
tired, 2032 Allen Place, Washington, D. C. 

Lakeside Engineering Corp., 222 W. Adams 
St., Chicago, Tl. 

Lamb, Miles, Supt., 227 
Belvidere, Ill. 


Sewage Treatment 


W. Marshall St., 
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Langwell, Louie, 305 W. Market St., Salem, 
Ind. 

Larsen, Stanley J., Mechanical Engineer, Box 
3598, St. Paul, Minn. 

Larson, C. C., Springfield 
Springfield, Ill. 

Larson, L. L., 
Wayne, Ind. 

Lee, Oliver, 102 N. 4th St., Mt. Horeb, Wise. 

Lehmker, William, 2616, 182nd St., Lansing, 
Til. 

Leland, Benn J., 130 S. Central St., Paris, Ill. 

Lentfoehr, Charles E., Plant Operator, 322 N. 
Main St., Mayville, Wise. 

Leonard, O. M., 1030 W. Wayne St., Fort 
Wayne, Ind. 

Lessig, D. H., Warsaw, Ind. 

Lewis, R. K., 5009 Park Ave., Indianapolis, 
Ind. 

Lind, A. Carlton, Chain Belt Co., 1600 W. 
Bruce St., Milwaukee, Wise. 

Lind, Gunner W., 4245 Snelling Ave., Min- 
neapolis, Minn. 

Lindquist, T. G., Supt., Sanitary District of 
Rockford, 202 S. Highland, Rockford, Ill. 
Link-Belt Co., 300 W. Pershing Rd., Chicago, 

Til. 

Linsley, Scott E., 1557 Holton Ave., St. Paul, 
Minn. 

Long, H. Maynard, Hillsboro, Il. 

Lord, Herbert O., 308 Tenney Bldg., Madison, 
Wise. 

Louis, Leo, 201 State House Annex, Indiana- 
polis, Ind. 

Lueck, Bernard F., 621 Maple St., Neenah, 
Wise. 

Lustig, Joseph, City Engr., Janesville, Wise. 

MeAnlis, Chauncey R., City Engineer, Dept. 
of Public Works, Ft. Wayne, Ind. 

McCarthy, J. J., City Hall, Racine, Wise. 

McClenahan, W. J., 910 S. Michigan Ave., 
Chicago, Ill. 

McCoy, M. H., 1541 Chicago Road, Chicago 
Heights, Ill. 

McIlvaine, Wm. D., Jr., Electrical Engr., 
Minn.-St. Paul San. Dist., Box 3598 Childs 
Road, St. Paul, Minn. 

McIntyre, John C., Sanitary Engineer, Sew- 
age Treatment Plant, Cedar Rapids, Iowa. 

McKee, Frank J., 1110 Harrison St., Madi- 
son, Wise. 

MacDonald, J. C., Operator, Sewage Plant, 
Brazil, Ind. 

Mackin, John C., Nine Springs Sewage Treat- 
ment Works, Madison, Wise. 

Madison, James W., Plainfield, Ill. 

Manker, J. B., Manteno, Il. 


Sanitary Dist., 


1715 Crescent Ave., Fort 
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Marine, Earl, Operator, 225 Stout St., Meno- 
monic, Wisc. 

Martin, George C., 936 Kellog St., Green Bay, 
Wise. 

Martin, Sylvan C., Division of Sanitary En- 
gineering, State Dept. of Public Health, 
Springfield, Tl. 

Martz, Robert J., 4407 Wilmette St., Ft. 
Wayne, Ind. 

Mason, Clarence A., City Hall, Hammond, Ind. 

Mattheis, Clarence, 209 Spring St., Anna, Ill. 

Matthews, J. C., 833 Architects and Builders 
Bldg., Indianapolis, Ind. 

Mattson, Walfrid I., 3220 2nd Ave. W., Hib- 
bing, Minn. ; 

Maurer, Peter J., 317 8. 3rd Ave., South St. 
Paul, Minn. 

Meadors, L. B., 228 
Ind. 

Merwin, Willard, 714 East Third Ave., Mon- 
mouth, Il. 

Merz, H. Spencer, 3207 W. Gate Parkway, 
Rockford, Ill. 

Metz, Roy L., Opr., Sewage Treatment Works, 
Carthage, II. 

Michaels, Charles L., 1001 E. Havens, Ko- 
komo, Ind. 

Mick, K. L., Chief Chemist, Minn.-St. Paul 
San. District, P.O. Box 3598, St. Paul, 
Minn. 

Mickle, Chas. T., 804 N. 7th Ave., La Grange, 
Til. 

Milinowski, Arthur S., 1411 Pioneer Blvd., St. 
Paul, Minn. 

Miller, David R., 1318 W. Sycamore, Ko- 
komo, Ind. 

Miller, L. A., 712 E. Main St., Streator, II. 

Miller, Merle J., Supt. of Utilities, 308 N. 
5th St., Goshen, Ind. 

Milling, Martin A., 3931 Lomond Ave., In- 
dianapolis, Ind. 

Minneapolis-St. Paul San. Dist., Box 3598, 
St. Paul, Minn. ; 
Moenkemoeller, Fred, 409 Court St., Pekin, 

Laik 

Mohliman, F. W., Dr., 
Chicago, Ill. 

Moore, John M., 838 Indiana Pythian Bldg., 
Indianapolis, Ind. 

Moore, R. B., 930 K of P Bldg., Indianapolis, 
Ind. 

Morgan, Philip F., 4138 Mulford St., Niles 
Center, Ill. 

Morkert, Kenneth, 800 S. Jackson St., Frank- 
ford, Ind. 

Muegge, C. J., Asst. San. Engr., State Board 
of Health, Madison, Wise. 


S. 17th St., New Castle, 


910 S. Michigan Ave., 
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Murphy, John A., 117 W. Bair St., West 
Chicago, Ill. 

Myers, Harry L., 9541 S. Oakley Ave., Chi- 
cago, Ill. 

Nadin, Joe. W., 402 E. Court St., Paris, Tl. 

Nash, D. A., 1028 N. Leamington Ave., Chi- 
cago, Ill. 

National Aluminate Corp., 
Place, Chicago, Ill. 

Neiman, W. T., Cons. Engr., 10 W. Douglas 
St., Freeport, Il. 

Nelle, Richard S., State Dept. 
Health, Springfield, Ill. 

Nelson, C. L., 1023 Williams Blvd., Spring- 
field, Tl. 

Nelson, George I., Wacker Hotel, 111 W. 
Huron St., Chicago, II. 

Newlund, Walter W., 913 Mary St., Pekin, 
Til. 

Nichols, M. Starr, Chemist, State Laboratory 
of Hygiene, Madison, . Wisc. 

Nickel, Jack B., 201 State House Annex, In- 
dianapolis, Ind. 

Nordell, Carl H., Advance Engineering Corp., 
Board of Trade Bldg., Chicago, Ill. 

Obma, Chester A., State Board of Health, 
Dist. No. 3, Fond du Lac, Wise. 

Oeffier, W. A., Supt., Treatment Plant, Jason- 
ville, Ind. 

O’Keefe, Alves, 500 W. Garro St., Plymouth, 
Ind. 

Okun, Daniel A., Armour Institute of Tech- 
nology, 3300 Federal St., Chicago, Ill. 

Olson, Frank W., 16 S. Mallory St., Batavia, 
Til. 

O’Mara, Richard, Mechanical Engr., c/o 
Western Precipitation Corp., 1016 West 9th 
St., Los Angeles, Calif. 

Onan, Robert M., ¢/o Norton Co., 4737 S. 
Christiana Ave., Chicago, III. 

Orwiez, Bernard, 2939 W. Division St., Chi- 
cago, Ill. 

Pacific Flush Tank Co., 4241 Ravenswood 
Ave., Chicago, Ill. 

Palm, George, Plant Operator, Box M, La- 
Grange, Ill. 

Palmer, John R., 1321 Monroe St., Evanston, 
Til. 

Palmer, Ralph M., 1818 Melrose Ave., Duluth, 
Minn. 

Parker, Ray E., 903 8th Ave., Rochelle, Il. 

Patterson, Orville W., 308 N. Clay St., Edin- 
burg, Ind. 

Pearse, Langdon, Chicago Sanitary District, 
910 S. Michigan Ave., Chicago, Ill. 

Peck, E. M., Brinchman Bldg., Michigan City, 
Ind. 


6216 W. 66th 


of Public 
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Pecker, Joseph S., 1011 Chestnut St., Phila- 
delphia, Pa. 

Peirce, W. A., Racine Water Department, City 
Hall, Racine, Wise. 

Peller, Leo R., 824 S. 17th Ave., Maywood, 
Til. 

Peterson, Ivan C., 130 N. Wells St., Chicago, 
Til. 

Peterson, Myhren C., Dist. Public Health En: 
gineer, Box 308, Bemidji, Minn. 

Peterson, R. W., 126th St. and Cottage Grove 
Ave., Chicago, Ill. 

Pfeiler, L. F., 6210 Kimbark Ave., Jackson 
Park Sta., Chicago, Ill. 

Phelps, Boyd E., Brinchman Bldg., Michigan 
City, Ind. 

Phillips, George, 1274 E. Leafland St., Deca- 
tur, Ill. 

Pierce, George O., Asst. Prof. of Public 
Health Engr., University of Minnesota, 
Room 112, Millard Hall, Minneapolis, Minn. 

Plummer, Raymond Benton, 1743 N. Adams 
St., South Bend, Ind. 

Poindexter, G. G., 915 Pleasant St., Oak Park, 
Til. 

Poole, B. A., Engineer, 333 W. Hampton 
Drive, Indianapolis, Ind. 

Powell, J. C., Operator, Sewage Treatment 
Works, Princeton, Ill. 

Price, R. C., 1625 Newton St., N.W., Wash- 
ington, D. C. 

Prough, Fred K., 421 E. Ohio St., Bluffton, 
Ind. 

Quinn, Joseph L., Jr., 201 State House Annex, 
Indianapolis, Ind. 

Racek, L., Jr., Sauk City, Wise. 

Ragsdale, Willis, Opr., Sewage Treatment 
Plant, 449 8. State St., Elgin, Ill. 

Raiter, Clifford R., Minneapolis-St. Paul Sani- 
tary Dist., Box 3598, St. Paul, Minn. 

Ralston, George E., 1207 W. Pleasant St., 
Freeport, Ill. 

Rankin, R. S., Engr., The Dorr Company, Inc., 
221 N. LaSalle St., Chicago, Ill. 

Rascher, Henry A., Operator, Sewage Treat- 
ment Plant. Manteno, Ill. 

Ray, Frederick, Indiana Reformatory, Pendle- 
ton, Ind. 

Read, Homer V., General Delivery, Olney, Il. 

Ream, Edward F., Jr., 4241 N. Ravenswood 
Ave., Chicago, Il. 

Red Wing Sewer Pipe Corp., Red Wing, Minn. 

Reed, Paul W., 201 State House Annex, In- 
dianapolis, Ind. 

Rees, N. B., 415 Willard Avenue, Blomington, 
Til. 

Regan, T. H., 1418 Camp Ave., Rockford, Tl. 
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Rein, L. E., Pacific Flush Tank Co., 4241 E. 
Ravenswood Ave., Chicago, Ill. 

Reybold, D. C., Engineer, The Dorr Com- 
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Parks, W. J., Jr., Supt., Water Sheds, Ashe- 
ville, Swannanoa, N. C. 

Perkins, J. L., High Point, N. C. 

Phillips, R. 8., City Chemist, 206 
Ave., Durham, N. C. 

Piatt, Wm. M., Consulting Eng., Durham, 
N. C. 

Pollock, John M., Supt. Sewage Treatment, 
Spindale, N. C. 

Redding, Harry P., Engineer, Durham Water 
Dept., Durham, N. C. 

Rhyne, C. E., Supt., Water Works, Gastonia, 
WN; C. 

Robinson, T. C., Supt., Light and Water 
Dept., Granite Falls, N. C. 

Seaman, Henry, Champion Fibre Co., Canton, 
N. C. 

Smedberg, C. W., 315 Woodbine St., Greens- 
boro, N. C. 

Smith, Waymon, Water Works Supt., Marshall 
Field Co., Leaksville, N. C. 


Dacian 


SEWAGE WORKS JOURNAL 


March, 1940 


Swartz, Martin, Supt., Water and Light 
Comm., Greenville, N. C. 
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Thompson, H. E., Supt. of Filtration, Univ. 
of North Carolina, Chapel Hill, N. C. 

True, Albert O., San. Eng., Denim Branch, 
Primity Mfg. Co., Greensboro, N. C. 

Tull, E. R., Supt., Municipal Water Plant, 
Rockingham, N. C. 

Van Camp, P. M., Civil Eng., Southern Pines, 
N. C. 

Vest, W. E., Supt. Water Works, Charlotte, 
Be Gf 

Warrenton Water Co., Harold R. Skillman, 
Supt., Warrenton, N. C. 

Williams, C. B., Supt., Water and Light Dept., 
Lexington, N. C., 

Williams, Macon W., Lenoir, N. C. 

Yow, W. E., Supt., Water Dept., Asheboro, 
N. ©, 


Ohio Sewage Works Conference Group 


Frank W. Jones, Secretary-Treasurer, 1140 Leader Bldg., Cleveland, Ohio. 


Allton, Robert A., City Hall, Columbus, Ohio. 
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Works, Bay View Park, Toledo, Ohio. 
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Mich. 

Case School of Applied Science, Att.: Pro- 
fessor George E. Barnes, Dept. of Civil 
Engineering, Euclid Ave., Opposite Wade 
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Collier, James R., 217 Harwood S8t., Elyria, 
Ohio. 

Craun, J. M., 355 Hippodrome Annex, Cleve- 
land, Ohio. 

Crister, W. H., 201 Church Place, Mt. Leba- 
non, Pa. 

Cummins, Walter, 2021 Mason St., Toledo, 
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Dick, George C., Supt., Berea College, Berea, 
Ky. 

Dittoe, W. H., Chief Eng., Mahoning Valley 
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town, Ohio. 
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Fisher, F. P., Wallace & Tiernan Co., 811 
Perry-Payne Bldg., Cleveland, Ohio. 

Flower, G. E., 1301 W. 110th St., Cleveland, 
Ohio. 

Ford, Curry E., c/o National Carbon Co., 
Madison Ave. and W. 117th St., Cleveland, 
Ohio. 

Frick, Edward J., 10409 Fortune Ave., Cleve- 
land, Ohio. 

Gerdel, W. C., Westerly Sewage Treatment 
Works, Bulkley Blvd. at W. 58th St., Cleve- 
land, Ohio. 

Gornich, Ed., E. Main St., Geneva, Ohio. 

Gray, D. M., Louisville Cement Company, 
Louisville, Ky. 

Growdon, Howard C., 915 30th St., Ports- 
mouth, Ohio. 

Hagerty, L. T., Sewage Disposal Plant, Bed- 
ford, Ohio. 

Hall, G. Albro, 624 Girard Ave., Marion, Ohio. 

Harris, C. H., Sewage Treatment Works, 
Massillon, Ohio. 

Harroun, F. E., 711 Chitty Ave., Akron, Ohio. 

Hatch, B. F., State Health Dept., Pure Oil 
Bldg., Columbus, Ohio. 

Hauck, Charles F., 10816 Clifton Blvd., Cleve- 
land, Ohio. 

Havens, William L., 1140 Leader Bldg., Cleve- 
land, Ohio. 

Hess, A. E., Supt. of Water and Sewage 
Plants, Alliance, Ohio. 

Hommon, Charles C., 140 22nd St., N.W., 
Canton, Ohio. 

Hoover, C. B., 
Ohio. 

Houser, C. S., 
Ohio. 

Irwin, Forrest, 
Ohio. 

Jones, Frank Woodbury, 1140 Leader Bldg., 
Cleveland, Ohio. 

Kimberly, A. E., 20 S. Third St., Columbus, 
Ohio. 

Kline, H. S., 35 Valley View Dr., Dayton, 
Ohio. 


252 E. 17th Ave., Columbus, 


165 S. Paint St., Chillicothe, 


742 E. Mound St., Columbus, 
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Klingbeil, Ray J., 441 Nashoba Ave., Colum- 
bus, Ohio. 
Knox, W. H., Asst. Engineer, State Dept. of 
Health, Pure Oil Bldg., Columbus, Ohio. 
Krunich, M. D., Sewage Treatment Works, 
R. F. D. No. 7, Akron, Ohio. 

Leach, Walter L., 1140 Leader Bldg., Cleve- 
land, Ohio. 

Lesher, Carl, 1140 Leader Bldg., Cleveland, 
Ohio. 
Lower, J. R., Chemist-in-Charge, 
Water Works, Bucyrus, Ohio. 
McChristie, M. E., 205 Court House, Cincin- 
nati, Ohio. 

McCleary, James M., 15 5th Ave., Berea, Ohio. 

McDill, Bruce M., State Dept. of Health, Pure 
Oil Bldg., Columbus, Ohio. 

McGuire, C. D., 448 Clinton St., Columbus, 
Ohio. 

MeNeal, Leonard, Sewage Treatment Plant, 
London, Ohio. 

MacDowell, R. F., 401 Chester-Twelfth Bldg., 
Cleveland, Ohio. 

Mace, H. H., 2805 Digby Ave., Cincinnati, 
Ohio. 

MacLachlan, Angus, 1740 E. 12th St., Cleve- 
land, Ohio. 
Monroe, 8S. C., Stream Pollution Investigation, 
Third and Kilgour Sts., Cincinnati, Ohio. 
Morehouse, W. W., Director of Water De- 
partment, 308 U. B. Annex, Dayton, Ohio. 

Moseley, Harry H., 1140 Leader Bldg:, Cleve- 
land, Ohio. 

Nelson, Frederick G., 221 N. LaSalle St., Chi- 
eago, Ill. 

Niles, A. H., Supt., Sewage Treatment Works, 
Bay View Park, Toledo, Ohio. 

O’Brien, Walter S., 946 Franklin, Watertown, 
NSAYS 

O’Flaherty, Fred, Dr., Director, Dept. of 
Leather Research, University of Cincinnati, 
Cincinnati, Ohio. 

Paloesay, Frank 8., 8108 Clark Ave., Cleve- 
land, Ohio. 

Pease, Maxfield, 4614 Prospect Ave., Cleve- 
land, Ohio. 

Regester, Robert T., 401 Gittings Ave., Cedar- 
croft, Baltimore, Md. 

Roth, R. A., 4347 Pearl Road, Cleveland, Ohio. 

Roth, R. F., Municipal Bldg., Oxford, Ohio. 

Rupp, Daniel H., Water Dept., City Hall, 
Topeka, Kans. 

Schade, Willard F., 14101 Lake Shore Blvd., 
Cleveland, Ohio. 

Schaetzle, T. C., 502 Municipal Bldg., Akron, 
Ohio, 


Bucyrus 
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Scott, R. D., Chief Chemist, Division of Labo- 
ratories, State Dept. of Health, Columbus, 
Ohio. 

Sheets, W. D., 240 Binns Blvd., Columbus, 
Ohio. 

Shook, Inc.; Charles H., P.O. Box 1003, Day- 
ton, Ohio. ; 

Smigel, Walter A., 4293 E. 133rd St., Cleve- 
land, Ohio. 

Smiley, Paul E., 1780 Algonac Rd., Dayton, 
Ohio. 

Smith Company, A. H., The, 2140 Ashland 
Ave., Rm. 206, Toledo, Ohio. 

Smith, E. E., Supt., Water and Sewage, Lima, 
Ohio. 

Snyder, R. F., City Hall, Massillon, Ohio. 

Stewart, F. D., Principal, Asst. Eng., State 
Dept. of Health, Pure Oil Bldg., Columbus, 
Ohio. 

Sweeney, R. C., Dist. San. Engr., State Dept. 
of Health, Albany, N. Y. 

Tatlock, M. W., 911 Ferndale Ave., Dayton, 
Ohio. 
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Tolles, Frank C.,°1140 Leader Bldg., Cleve- 
land, Ohio. 

Turner, J. R., Sewage Disposal Plant, Mans- 
field, Ohio. 

Wahmhoff, John J., Supt. Sewage Treatment 
Works, 427 E. Harmon St., Delphis, Ohio. 

Walker, C. C., 1826 W. Ist Ave., Columbus, 
Ohio. 

Waring, F. H., Chief Engr., State Health 
Dept., c/o Pure Oil Bldg., Columbus, Ohio. 

Weiger, Merl D., 3088 W. 106th St., Cleveland, 
Ohio. 

Wenger, J. 
Ohio. 

Whirl, William H., 1406 Eastview Ave., Co- 
lumbus, Ohio. 

Willis, Robert E., 411 N. North St., Wash- 
ington, C. H., Ohio. 

Wirts, J. J., Easterly Sewage Treatment 
Works, 14101 Lake Shore Drive, Cleveland, 
Ohio. 

Young, F. 
Ohio. 


H., 83 E. Broadway, Westerville, 


D., 1140 Leader Bldg., Cleveland, 


Oklahoma Water and Sewage Conference 
H. J. Darcey, Secretary-Treasurer, Oklahoma City, Okla., State Health Dept. 


Cunningham, M. B., Supt. and Engr., Okla- 
homa City Water Dept., Municipal Bldg., 
Oklahoma City, Okla. 

Darcey, H. J., State 
homa -City, Okla. 


Health Dept., Okla- 


Seott, L. H., Filtration Engr., Oklahoma City 
Water Dept., Oklahoma City, Okla. 

Stapley, Edward R., 27 College Circle, Still- 
water, Okla. 


Pacific Northwest Sewage Works Association 


Fred. Merryfield, Secretary-Treasurer, Civil Engineering Dept., Oregon State College, 
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Lumb, C., Sewage Department, Salterhebble, 
Halifax, England. 

Lyons, A. C., Sewage Disposal Works, South- 

end-on-Sea, England. 


Aldwark, 


Kessener, ’S- 





FEDERATION 461 

Makepeace, W. H., Sewer Engineer’s. Office, 
Leek Road, Stoke-on-Trent, England. 

Meats, G. R. E., Fairleigh, Coventry Rd., 
Burbage, Hickley, England. 

Mercer, H., Sewage Works, High Wycombe, 
Bucks, England. 

Miller, A. S., Sewage Works, Manor Farm, 
Reading, Berks, England. 

Modak, Rao Bahadur B. L., Yeshoda Dham, 
Post Deccan, Gymkhana, Poona 4, India. 
Modak, N. V., City Engineer, Bombay Munice- 

ipality, Bombay, India. 
Mountford, L. F., ‘‘Claverings’’ Montague 
Rd., Edmonton, London, N. 9, England. 
Oakley, W. F., 11 Highfield Ave., Oakhill, 
Stoke-on-Trent, England. 

Parker, R. J., c/o Geo. Kent. Ltd., Luton, 
Beds., England. 

Pledger, A., ‘‘Granta’’ Camels Head, Wolsely 
Rd., Plymouth, England. 


Proctor, J. W., Sewage Disposal Works, 
Knostrop, Leeds, England. 
Reynolds, A. V., Sewage Farm, Blurton 


Waste, Longton, Staffs., England. 

Ribbius, F. J., Van Boetzelaerlaan 71, The 
Hague, Holland. 

Scouller, W. D., Sewage 
Deighton, Huddersfield, England. 

Sidle, R. 8., H. M. Office of Works, Storey’s 
Gate, Westminster, London, S.W. 1, Eng- 
land. 

Smith, G. C., Sewage Works, Campbell Rd., 
Swinton, Manchester, England. 


Disposal Works, 


rn 


Spacey, T., Sewage Works, Harpenden, Herts., 


England. 

Stanbridge, H. H., Sewage Works, Hook 
Road, Epsom, Surrey, England. 
Staynes, E. H., Sewage Works, Mitchell 


Laithes, Dewsbury, England. 

Stevens, P. D., The Vicarage, Wellow, Notts., 
England. 

Stone, A. R., Stoke Farm, Stoke 
Nottingham, England. 

Taylor, H., Stalybridge and Dukinfield Joint 
Sewage Wks., Bradley Hirst, Dukinfield, 
england. 

Taylor, J., ‘‘Langwood’’ Foxdenton Lane, 
Chadderton, Oldham, England. 

Thompson, J. T., Sewage Works, Knostrop, 
Leeds, England. 

Thornhill, S., Sewage Works, Newbridge Lane, 
Old Whittington, Chesterfield, England. 
Waldmeyer, T., 29 Rothiemay Road, Flixton, 

Lancashire, England. 

Ward, A. R., Sewage Works, Heathside Farm, 
Cheadle Heath, Stockport, England. 

Wardman, F. L., Broad Street Chambers, 44 

Easy Row, Birmingham, England. 


3ardolph, 





Watson, W., Sewage Works, Dockfield, Ship- 
ley, Yorkshire, England. 

Waterhouse, A. G., c/o Peter Spence & Co., 
Ltd., National Bldg., St. Mary’s Parsonage, 
Manchester, England. 

Weekes,, M. G., 75 Victoria St., Westminster, 
London, 8.W. 1, England. 

Weir, E. McG., 61 Colne Road, Burnley, Lan- 
cashire, England. 

Wilkinson, G. W., Engr. Office, West Middle- 
sex Main Drainage Works, Oak Lane, Isle- 
worth, Middlesex, England. 
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Windridge, M. E. D., The Enclosed Sewage 
Treatment Co., Ltd., 52 Queen Victoria St., 
London, E.C. 4, England. 

Wishart, J. M., ‘‘Silver Lea’’ Little Sutton 
Rd., Four Oaks, Warwickshire, England. 
Wontner-Smith, H., Sewage Works, Esholt 
Hall, Nr. Shipley, Yorkshire, England. 
Wright, J. W., Woodleigh, Church Lane, Din- 

ninghon, Nr. Sheffield, England. 

Wrigley, Frank, County Medical Officer’s 
Dept. Shire Hall, Nottingham, England. 


The Institution of Sanitary Engineers—England 


Mr. E. M. Kerry, Act. Secretary, 118 Victoria St., Westminster, 8S.W. 1, England. 


Alford, John §S., 11, Victoria St., London, 
S.W. 1, England. 

Armstrong, J. D., Messrs. Trinidad Leasehold- 
ers, Ltd., Pointe-A Pierre, Trinidad, B.W. I. 

Ashby, E. Hamilton, 1 Mitre Court Bldg., 
Inner Temple, London, E.C. 4, England. 

Aslamidis, A., 6 Vernon Rd., Bushey, Herts., 
England. 

Balsom, E. V., 100 Victoria St., London, S.W. 
1, England. 

Barclay, W. G., 71 Wensleydale Rd., Hampton, 
‘*Carlisle’’ Middlesex, England. 

Binding, C., 11 Burntwood Close, London, 
S.W. 18, England. 

Blizard, W. E., Lansdowne House, Castle 
Lane, Southampton, England. 

Brassey-Edwards, 8., ¢/o Ames Crosta Mills 
& Co., Ltd., Abbey House, Victoria St., 
London, 8.W. 1, England. 

Brown, W. Fillingham, Claxton, Copthorne 
Rd., Rickmansworth, Herts., England. 

Burnet, J. G., Knox Manor, Knox St., Double 
Bay, Sydney, N.S.W., Australia. 

Clark, H. W., 16 Edison Road, Welling, Kent, 
England. 

Collard, A. E., 24 St. Mary’s Road, Ealing, 
London, W. 5, England. 

Collier, H., Mena, Garstang Rd., Broughton, 
Nr. Preston, England. 

Coombs, E. P., 2 Victoria Ave., Finchley, 
London, N. 3, England. 

Cotterell, G. T., A. P. I. Cotterell & Son, 54 
Victoria St., Westminster, London, 8.W. 1, 
England. 

Davies, A. T., 16 Jan Smuts Ave., Parktown, 
Johannesburg, S. Africa. 

Easdale, W. C., 1 Victoria St., London, S.W. 
1, England. 

Ely, E. H., 14 Spenser Rd., London, 8.E. 24, 

England. 





Fah, C. Thum, 778 Club Road, Ipoh, F. M. 8. 
Malaya. 

Farmer, J. E., 14 Homefield Rd., Worthing, 
Sussex, England. 

Faulkner, T. G., 41 Wantage Road, Didcot, 

‘ Berkshire, England. 

Fraser, Francis Ernest, ¢/o Dawson & Fraser, 
Sanitary Engrs., Pretoria, 8. Africa. 

Gordon, Major A., Dept. of Sanitation, Rand 
Mines, Ltd., P.O. Box 1056, Johannesburg, 
S. Africa. 

Gillet, R. T., Chief Architect’s Division, H. M. 
Office of Works, Storey’s Gate, London, 
S.W. 1, England. 

Gregory, L. L., Corporation Sewage Works, 
Salisbury, Wiltshire, England. 

Haworth, W. D., 23 Collamore Ave., Wands- 
worth Common, London, S.W. 18, England. 

Hesford, L., ‘‘Dorlan’’ Sealford Rd., Melton 
Mowbray, Leicestershire, England. 

Hodges, H. E. W., 13 Braundton Ave., Sid- 
cup, Kent, England. 

Hoskins, Nandy, 18, Bolingbroke Grove, Lon- 
don, 8S.W. 11, England. 

Lawson, A. M., H. 47 Du Cane Court, Balham, 
S.W., 17, England. 

Martin, Arthur J., 108 St. Georges Square, 
London, S.W., 1, England. 

McCrae, K. C., The Limes, West Bergholt, 
Essex, England. 

Montes, Jose Garcia, Jr., Avenida de Belgica 
No. 4, Habana, Cuba. 

Moore, F. Owen, c/o John Taylor & Sons, 
Caxton House, Westminster, S.W. 1, Eng- 
land. 

Munro, A. D., Public Works Dept., P.O. Box 
3142, Johannesburg, 8. Africa. 

Murray, A. E. Scott, Barnfield, Blyth Rd., 

Bromley, Kent, England. 
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Noguera, Gustavo S., Civil Engr., Apartado 
1509, Bogota, Columbia, S. America. 

Porteous & Company, W. K., Abbey House, 
Victoria St., Westminster, London, S.W. 1, 
England. 

Pyper, A. L., St. Anns, Eastcote Rd., Pinner, 
Middlesex, England. 

Renfrew, J. Harvey, c/o-Mrs. W. J. Pullene- 
gagem, The Temple, Bambalapitiga, Co- 
lombo, Ceylon, India. 

Sciver, A., 28 Victoria St., London, S.W. 1, 
England. 

Shete, V. G., P.O. Box 39, Poona, India. 

Simpson, Christopher, 10 Park Row, Leeds, 
England. 

Stanley, Stephen, 12 Surrey Rd., Hawksburn 
Melbourne, Australia. 

Streeter, S. H., Capt., ‘‘Santasu,’’ Warren 

rd., Guildford, Surrey, England. 
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Summers, M. W., ‘‘Arran’’ Broom Way, 
Oatlands Park, Weybridge, England. 

Taylor, Godfrey M. C., Caxton House, West- 
minster, London, S.W. 1, England. 

Tigar, Leonard Aldridge, 105 Richmond Park 
Rd., Bournemouth, Hampshire, England. 

Walker, P. S., The Winnats, Castleton Drive, 
Banstead, Surrey, England. 

Warren, L. B., St. George’s Bldg., Chater 
Rd., Hong Kong, China. 

Watson, David M., 3 Central Bldgs., West- 
minster, London, 8.W. 1, England. 

Wennholm, S. V., ‘‘Glendon,’’ Rutland St., 
Kogarth, New South Wales, Australia. 

Westwood, H. W., 87 Egerton Park, Rock 
Ferry, Cheshire, England. 

Williams, G. Bransby, 28 Victoria St., Lon- 
don, S.W. 1, England. 

Young, C. H., 7 Hale St., Ipoh, Fed. Malay 
States. 
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AS OF DECEMBER 31, 1939 


Alabama 


State Board of Health, Bureau of Sanita- 
tion, 519 Dexter Ave., Montgomery, Ala. 

Tenn. Coal, Iron & R. R. Co., c/o Mr, A. 
Clinton Decker, Sanitary Eng’r, Birm- 
ingham, Ala. 

University of Alabama, Att.: Dr. Anna E. 
Church, School of Chemistry, University, 


Alabama. 


Arkansas 
University of Arkansas, General Library, 
Fayetteville, Ark. 


California 
Stanford University Library, Stanford Uni- 
versity, Calif. 
Twining Laboratories, The, P.O. Box 1320, 
Fresno, Calif. 


Colorado 
Great Western Sugar Co., The Technical 
Library, P.O. Box 5308, Terminal Annex, 
Denver, Colo. 
University of Colorado, Library, Boulder, 
Colo. 


Connecticut 


Library of the School of Medicine, Sterling 
Hall of Medicine, 333 Cedar St., New 
Haven, Conn. 

State Department of Health, 165 Capitol 
Ave., Hartford, Conn. 

Weslayan University, Library, Middletown, 
Conn. 

Carroll, David, 815 Boswell Avenue, Nor- 
wich, Conn. 


District of Columbia 


George Washington Univ. Library, 2023 G 
St., N.W., Washington, D. C. 

Sanborn, N. H., ¢/o National Canners As- 
sociation, 1739 H St., N.W., Washing- 
ton, D. C. 

Scientific Library, Patent Office, Commerce 
Bldg., Washington, D. C. 

U. S. Dept. of Agriculture, Library, Wash- 


ington, D. C. 


Florida 

Brown, Chas, C., R.F.D. No. 2, Gainesville, 
Fla. 

Bureau of Agricultural, Chemistry and En- 
gineering, U. S. Dept. of Agriculture, 
H. W. von Loesecke, U. S. Citrus Prod. 
Station, Box 83, Winter Haven, Fla. 

Henry, Thomas B., 714 Iris St., West Palm 
Beach, Fla. 

State Board of Health, Library, Jackson- 
ville, Fla. 

Stewart, W. H., P.O. Box 1349, Daytona 
Beach, Fla. 

University of Florida, University Library, 
yainesville, Fla. 


Georgia 
Georgia Dept. of Public Health, Room 149, 
State Capitol, Att.: W. H. Weir, At- 
lanta, Ga. 
Wiedeman and Singleton, Inc., Box 1878, 
Atlanta, Ga. 


Illinois 


Armour Institute of Tech., Library, 3300 
Federal St., Chicago, Il. 

Clay Products Association, 111 W. Wash- 
ington St., Chicago, Ill. 

Conquest, Victor, Chemical Research Dept., 
Armour and Co., Union Stock Yards, 
Chicago, Ill. 

Dundas, Mr., c/o Sanitary District of Chi- 
cago, 910 S. Michigan Ave., Chicago, III. 

Greater Peoria Sanitary and Sewage Dis- 
posal District, Ft. of Darst St., Peoria, 
Til. 

John Crerar Library, Chicago, Ill. 

Northwestern University, Library, Evans- 
ton, Il. 

Raymond Pulverizer Division, Combustion 
Engineering Co., Inc., Att.: Mr. C. W. 
Gordon, 1319 N. Branch St., Chicago, Il. 

Sewage Treatment Plant, Momence, III. 

State Water Survey, Dept. of Registration 
and Education, 57 Chemistry Bldg., Ur- 
bana, Il. 

University of Illinois, Library, Periodical 
Dept., Urbana, Il. 

Carlyle Sewage Plant, Carlyle, Ill. 











940 


le 


’ 
En- 
ire, 
od. 
ilm 


oOn- 


ma 


49, 
\t- 


00 


sh- 











Vol. 12, No. 2 


Indiana 

City Engineer, City Hall, Crawfordsville, 
Ind. 

Public Library, 5th Ave., at Adams St., 
Gary, Ind. 

Purdue University Library, Lafayette, Ind. 

Rose Polytechnic Institute, Terra Haute, 
Ind. 

Sanitary District of Gary, Gary, Ind. 


Towa 

Buell & Winter Engineering Company, 510 
Insurance Exchange Bldg., Sioux City, 
Towa. 

jraham, Ralph C., Supt. of Construction, 
City Hall, Davenport, Iowa. 

Iowa State College Library, Ames, Iowa. 

State University of Iowa Library, Library 
Annex, Iowa City, Iowa. 


Kansas 
University of Kansas Library, Periodical 
Dept., Lawrence, Kans. 
Wichita, City of, Engineering Dept., 
Wichita, Kans. 


Kentucky 

Cameron, Howard J., Cave City, Ky. 

Dugan, F. C., 620 S. 3rd St., Louisville, Ky. 

Girdler Corporation, The, Att.: James T. 
Howington, V.P. P.O. Box 987, Louis- 
ville, Ky. 

Lexington, City of, Sewage Disposal Plant, 
c/o Howell Spears, Lexington, Ky. 


Louisiana 


Louisiana State University, Library, Uni- 
versity, La. 

O’Neill, John H., Sanitary Engineer, State 
Board of Health, Civil District Court 
Bldg., New Orleans, La. 

Voorhies, L. J., City Hall, Baton Rouge, La. 


Maryland 


Stuart, F. E., Activated Alum Corporation, 
Pennington Ave. at Aspen St., Curtis Bay, 
Baltimore, Md. 

Burwell, Robert L., 217 Hanover St., Apt. 
No. 4, Annapolis, Md. 

Library, Johns Hopkins University, Balti- 
more, Md. 

University of Maryland, Library, College 
Park, Md. 

William Welch Medical Library, The, 1900 

E. Monument St., Baltimore, Md. 
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Massachusettes 


Harvard Engineering School, 209 Pierce 
Hall, Cambridge, Mass. 

Massachusetts Dept. of Public Health, Room 
541 State House, Boston, Mass. 

Mass. Inst. of Technology, Library, Cam- 
bridge A, Mass. 

Tufts College Library, Tufts College 57, 
Mass. ; 

Worcester Polytechnic Institute, Att.: Miss 
Emily M. Haynes, Librarian, Worcester, 
Mass. 


Michigan 


Detroit Public Library, Woodward and 
Kirby Aves., Detroit, Mich. 

Dow Chemical Company, Library, Midland, 
Mich. 

Michigan College of Mining and Technol- 
ogy, Library, Houghton, Mich. 

Michigan Dept. of Health, Library, Bureau 
of Education, Lansing, Mich. 

Michigan Home and Training School, La- 
peer, Mich. 

Sewage Treatment Plant, Escanaba, Mich. 

University of Michigan, General Library, 
Ann Arbor, Mich. 


Minnesota 

Carter, Earl, Supt. Water Dept., P.O. Box 
543, Henning, Minn. 

Halvorson, H, Orin, Dr., Dept. of Bacteri- 
ology and Immunology, University of 
Minnesota, The Medical School, Min- 
neapolis, Minn. 

McKellip, F. W., City Mgr., Faribault, 
Minn. 

Minnesota Dept. of Health, Division of 
Sanitation, Univ. of Minn., Campus, Min- 
neapolis, Minn. 

University of Minnesota, Library, Minnea- 
polis, Minn. 


Missouri 


Main Library, 9th and Locust Sts., Kansas 
City, Mo. 

University of Missouri, Engineering Li- 
brary, Columbia, Mo. 

University of Missouri, Library, School of 
Mines and Metallurgy, Rolla, Mo. 


Montana 


Montana State College, Library, Bozeman, 
Mont. 
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Nebraska 


Allen-Knotwell Pharmacy, Indianola, Nebr. 

Barkalge & Company, O. F., 223 Keen 

* Hotel, Omaha, Nebr. 

Cudahy Packing Co., The, Laboratory S. 
Side’ Sta., Omaha, Nebr. 

Dunmire, E. H., 1802 B Street, Lincoln, 
Nebr. 

Fitzsimmons, M. S8., 2604 Y, Lincoln, Nebr. 

Henningson Engineering Company, Inc., 
326-30 Union State Bank Building, 
Omaha, Nebr. 

Scott, Wardner G., 522 Bankers Life Bldg., 
Lincoln, Nebr. 

University of Nebraska, Library, Station 
A, Lincoln, Nebr. 


New Hampshire 


Brown, Edward S., Jr., Thayer School of 
Civil Engineering, Hanover, N. H. 


New Jersey 


Adams, J. K., Sewage Disposal Plant, 


Teanfly, N. J. 

Cole, E. J., Librarian, Caleo Chemical Co., 
Ine., Bound Brook, N. J. 

Lafferty, Wm. L., Supt., Camden Co. Sew- 


age Disposal Plant, Grenloch P.O., Lake- 
land, N. J. 

Library, Newark College of Engineering 
and Newark Technical School, 367 High 
St., Newark, N. J. 

Oleri, Frank J., 721 Bergenline Ave., West 
New York, N. J. 

State Dept. of Health, Att.: Director of 
Health, Trenton, N. J. 


New York 
American Centrifugal Corp., 74 Trinity 
Place, New York, N. Y. 

Beckley, John, 47 Walden Road, Rochester, 
N. 2. 

Buffalo Sewer Authority, Laboratory, Bird 
Island Pier, Ft. W. Ferry St., G. E. 
Symons, Chief Chemist, Buffalo, New 
York. 

Chlorine Institute Ine., The, 50 E. 41st St., 
New York, N. Y. 

College of Physicians and Surgeons, Li- 
brary, 630 W. 168th St., Columbia Uni- 
versity, New York, N. Y. 

Columbia University Library, 
Department, New York, N. Y. 

Cornell University Library, Att.: Mr. Otto 
Kinkeldey, Librarian, Ithaca, N. Y. 
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Crimmins, Thomas, 734 Lexington Ave., 
New York, N. Y. 

Deliso, Joseph, 98-03 Sutphin Blvd., Ja- 
maica, N. Y. 

Elder, Dr. A. L., 
University, Syracuse, N. Y. 

Filtration Equipment Corp., 10 E. 40th St., 
New York, N. Y. 

Glens Falls, City of, Glens Falls, N. Y. 

Gordon, Fred F., 1200 Park Ave., Rochester, 
i ae 

Greenawalt, John E., Greenawalt Engineer- 
ing Co., Ine., 135 E. 42nd St., New York, 
Nd. 

Hooker Electrochemical Co., Library, Ni- 
agara Falls, N. Y. 

Mathieson Alkali Works, 
Falls, N. Y. 

Mathieson Alkali Works, Inc., 60 E. 
St., New York, N. Y. 

National Aniline and Chem. Co., Library, 
Buffalo, N. Y. 

New York Public Library, Municipal Ref- 
erence Branch, 2230 Municipal Building, 
New York, N. Y. 

New York State Library, Albany, N. Y. 

New York University, Library, University 
Heights, N. Y. 

Nussberger, Fred., 
Channel, N. Y. 

Paully, F. G., Cambridge Instrument Co., 
Ine., Grand Central Terminal, New York, 
N.Y. 

Queens Borough Public Library, Periodical 
Dept. 89-14 Parsons Blvd., Jamaica, N. 
Le 

Rome, City of, Department of Public Works, 
Att.: City Engineer, City Hall Bldg., 
Rome, N. Y. 

Simmons, Wm. H., Mt. Kisco Laboratory, 
28 South St., Mt. Kisco, N. Y. 

Solvay Process Co., The, Librarian, Syra- 
cuse, N. Y. 

Verderber, Theo., Box 52, Wingdale, N. Y. 


Bowne Hall, Syracuse 


Ine., Niagara 


42nd 


44 14th Road, Broad 


North Carolina 


Bunker, F. L., P.O. Box 1122, Charlotte, 
N.C. 
Duke University Library, Durham, N. C. 


North Dakota ° 


Armour & Company, Att.: 
Dept., West Fargo, N. D. 

Grand Forks, City of, Sewage Treatment 
Plant, Att.: John P. Kleven, Supt., 
Grand Forks, N. D. 
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Larson, Kermit, University Station, Grand 
Forks, N. D. 

University of North Dakota Library, Uni- 
versity Station, Grand Forks, N. D. 


Ohio 
Bailey Meter Company, Cleveland, Ohio. 
Burgess & Niple, 568 E. Broad St., Col- 
lumbus, Ohio. 
Cleveland Public Library, Order Dept., 325 
N.E., Cleveland, Ohio. 
2033 Emerson Ave., Day- 


Superior Ave., 

Huffman, L. C., 
ton, Ohio. 

Jones & Company, H. P., 2012 Second Na- 
tional Bank Bldg., Toledo, Ohio. 

Kroone, T. H., 201 Plymouth Bldg., Cleve- 
land, Ohio. 

Krumm, Tahlman, 65 Meadow Park Road, 
Bexley, Columbus, Ohio. 

Leist, Ervin F., Seyfert Ave., Circleville, 
Ohio. . 
Municipal Reference Bureau, Room 

City Hall, Cincinnati, Ohio. 

Ohio State University, Library, Columbus, 
Ohio. 

Ohio University Library, Athens, Ohio. 

Public Library, Cincinnati, Ohio. 

Sanitary Engineer in Charge, U. S. Public 
Health Service, Stream Pollution Investi- 
gations, Third and Kilgour Sts., Cincin- 
nati, Ohio. 

Sowers, George B., 1836 Euclid Ave., Cleve- 
land, Ohio. ‘ 

Uhlmann, P. A., 2683 Dayton Ave., Colum- 
bus, Ohio. 


244, 


Oklahoma 


Cecil, Lawrence K., Box 1289, Tulsa, Okla. 


Oregon 


Library Assn. of Portland, 801 S.W. 10th 
Ave., Portland, Ore. 

Oregon State Agricultural College, Library, 
Corvallis, Ore. 

Smithson, Thomas, 5301 N. Kirby Ave.,, 
Portland, Ore. 


Pennsylvania 


Atlantic Refining Co., The, Att.: Mr. W. B. 
Hart, 3144 Passyunk Ave., Philadelphia, 
Pa. 

Blew, M. J., Lieut. Col., Drexel Institute, 
Philadelphia, Pa. 

Carnegie Library, 
Lewisburg, Pa. 

Carnegie Library of Pittsburgh, Periodical 
Room, 4400 Forbes St., Pittsburgh, Pa. 


Bucknell University, 
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Commandant, The, Medical Field Service 
School, Carlisle Barracks, Pa. 

Heinz Company, H. J., 1062 Progress St., 
N. S., Pittsburgh, Pa., Att.: Engineering 
Dept. 

Hunn, Wm. R., 39 Forest Ave., Morton, Pa. 

Morris, Harley J., P.O. Box 265, Meadville, 
Pa. 

School of Engineering Reading Room, The 
Pennsylvania State College, 110 Main 
Engineering Bldg., State College, Pa. 

Sharples Specialty Co., The, Att.: Mr. C. 
M. Ambler, 23rd and Westmoreland Sts., 
Philadelphia, Pa. 

Westinghouse Electric and Manufacturing 
Co., Att.: Mr. F. D. Newbury, Mgr., East 
Pittsburgh, Pa. 


Rhode Island 


Brown University Library, Providence, R. I. 


South Carolina 


Blackwelder, C. D., Box 1615, Greenville, 
S. C. 

Fry, E. D., Supt., P.O. Box 1416, Green- 
ville, S. C. 

Wells, R. E., 116 Grove Road, Greenville, 
8. C. 


South Dakota 


Huron, City of, Huron, 8. D. 

South Dakota State College Library, Att.: 
H. Dean Stallings, Agriculture and Me- 
chanics Arts, Brookings, S. D. 


Tennessee 

Dept. of Public Health, Division of Sani- 
tary Engineering, 420 6th Ave. N., Nash- 
ville, Tenn. 

Lewis, Fred J., Dean, Vanderbilt Univer- 
sity, School of Engineering, Nashville, 
Tenn. 

Murfreesboro, City of, Att.: Mr. S. S. Cox, 
Murfreesboro, Tenn. 

Tennessee Valley Authority, Technical Li- 
brary, Att.: H. C. Bauer, Knoxville, Tenn. 

Vanderbilt University Library, Nashville, 
Tenn. 


Texas 


Baugh, W. L., Jr., Regional Engineer, Box 
1495, Lubbock, Texas. 

Division of Industrial Hygiene and Chemi- 
cal Labs., State Board of Health, Att.: 
Dr. Carl A. Nau, Director, Austin, Texas. 

Freese and Nichols, 407-410 Capps Bldg., 
Fort Worth, Texas.. 
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Myers & Noyes, Consulting Civil Engineers, 
2204 Tower Petroleum Bldg., Dallas, 
Texas. 

Operator, Sewer Disposal Plant, City Hall, 
Corpus Christi, Texas. 

Texas A. & M. College, Civil Engineering 
Department, College Station, Texas. 

University of Texas Library, Serials Ac- 
quisition, Austin, Texas. 

Zeller, P. J. A., Research Associate, Engi- 
neering Experiment Station, A. & M. 
College, College Station, Texas. 


“irginia 

Bureau of Public Administration, Box 1518, 
University, Va. 

Patton, H. M., 1735 N. Troy St., Arling- 
ton, Va. 

Phipps & Bird, Inc., Richmond, Va. 

State Health Dept., Bureau of San. Eng., 
601 State Office Bldg., Richmond, Va. 
Wiley & Wilson, 906-910 Peoples Bank 

Bldg., Lynchburg, Va. 
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Washington 
Municipal Reference Branch Library, 508 
A County City Bldg., Seattle, Wash. 
State College of Washington Library, c/o 
W. W. Foote, Librarian, Pullman, Wash. 


West Virginia 
Bruce, Kyle L., Supt., Sanitary Board of 
Bluefield, Bluefield, W. Va. 
McCall, R. G., 1541 Lee St., Charleston, 
W. Va. 


Wisconsin 

Municipal Reference Library, Milwaukee 
Public Library, City Hall, Milwaukee, 
Wise. 

University of Wisconsin Library, Madison, 
Wise. 


Wyoming 
Anderson, G. M., Dr., State Board of 
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